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PNZ L ETREER LoD, BB O~ U U RO DALY DRI 5
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<~ U RO~ T A E M DBRFEIZOW T, LLFOBBIZE D . A~DF
ANED I B 72 5L STV R,

FEIRES A AAFZEREES (JARC) TIEFHMli & Tl 59, USEPA (1996) Tix IAD¥E
DAMEZOWTHEHETERWVWWE] L3 Tnb b,

PELRF TN HONW T, ~ 2 W R TEE L2 8E S OEM T, BADIFAERKL OB
CROBEMPA LN EDREDH D03, WT b~ T UNOYE ~DgEEEN
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. U AKLOT v hOWTIUT GG ORAEROBMN A LN oT=2 &,
BARFREEIC OV CIE, BREERE 22 T 7297 @38 ORI U >/ BRC Yo (R B A
FEDFBERBEMB B SN0, 1 ZNOER~DIREE S H 72720, BEIC OV T
RATH D Z &, BFEBRKL D in vitro RERIZI\W T, B2k & EEMED 57 DO s F A3
BonTEY, —BMERRWI &,
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FINANEOBH SRR E LN TE LT BEOFEICOW TR ZIT I 72D D
+ 3 72 EHRITSE STV,
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MMM OV TIL, ANTIE, RN & Ml as g EIC B3 2 Fn 23 % < jﬂ‘ofmf
WD, FREEEMEIZ DWW TR, R OIRERIRE & %28 L o BREiE ﬁ>3£ I ER 7R D
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HAEALELNTWS, £7o, BUKBETIIH L0, Fx OKNFERELEE D,
/N ORI TEN DOFE I B A LT AREEDN R ST 5,

FEIR SRFEMEIC OV T, v o H U T0.21~60 mg/miicB\\ T, ~ o F g
(2 K D NHERE AR TP A O B RSEIR, Wi B, Mgk, SUE SR, Wil S O FER s P
B BRIEROBEMAH SN TND LT 2EEOMERH D, £/, ERIFWOWA
PREE AR Tl MR~ OEEIZOWTE B LIERIIE SN TRV, FEER
(Ffge, B ~ORENHREINTND,

RS AT DWW TR, A TIE B ATEREICE T2 b DONE L | B U AERE
T0.94 mg/m* CAERE DR F NG STV A2, 0.71 mg/m®THIASRICEE N 7 5
ol ORELH D, iz, RO 7= NgE D 1o B O e #IT%
B RATTAREMEAVRIB SN D E M STV D, FEBREMW CId, WMABREERICE
W, HAEROMEEDORAE, BILA N LV ASRRKIE T A —X OFBRELRH LI,
OB SRR IR, BT ~0RE, EFREEOWAD 72 O B%E BT
L 2FERIZBNTY, WEMW~DAEIE~DEBENL LN TS,

FIE T OV TIE, EFEFZEIC B CTHIAE K O BRI O HIH], M H D IgE K Y
E-1 ¥y MEAMIORED . & ORMGRESTEE BT G707 7 FURED
EREBNEESHTODER, tMOER~DBRBENDH D 2 &0, GEICEET 531 4~
— DL U IR N L REN TV D,

Q@ ENAELNOESTHICRSIEESFM=DOLNT

B LIS DA EVEITAR D EBAIC OV T, EFREERISE C, #hRATEN AR
RE~DORE (MEATEN FHIMESFORGE) 2= RARA v e LEEFHEA ThilTE
V. Roels & (1992) i Lucchini & (1999) DI EDOWT MRV HIL TV S,

FHETCIE. W OBt . Roes & (1992) i Lucchini & (1999) (25 < Wk
AVER C A (respirabledust) O KAHIRET —2 2 H L T\ 5,

723, Rods © (1992) & Lucchini & (1999) <TiX. #kyC A (total dust) (Z/5®
LW ANER U A (respirable dust) OEIENRE7e>TH Y, Rods H (1992) TILFH)
25%. Lucchini & (1999) TiX 40~60% CT& - 7=,

Rods & (1992) 7 —# % HWicE &kl (W AMERy U A (respirable dust) @7
— X &) L LTiE, WHO B /R (20000 234 A4 KT 4 L fE 0.15 pg/m® (X
YFY—T R REIC K DRE, MEFERBOGEIZ 50 & L, BRERWEERE) .
U.S.EPA (1993) 73k AR5 Reference Concentration (RfC) & L T 0.05 pg/m® (LOAEL
MORE, MMEFRREROEE%Z 1000 & L, BFERNEZBE) . U.SDHHS (2012) 28
181> Minimal Risk Level & LT 0.3 ug/m® (R F~—27 N—RIEIC K H%E, ik
FARBOEFHE 100 & L, BERAEBE) . Y 7 +/0=7 M EPA (2008) A&
o Reference Exposure Level & L T 0.09 pg/m® (R F~—7 R—RIEIC L HHEE, K
MEFARBDOGF A 300 & L, IRERNEZER) 2RLTWD,

—J7. BT AEEE (2010) 1E. Lucchini & (1999) OMEFIZHESE, BEEHMDH A



FLEWAER CADOT —2 2 Wz EEF M 217V, WAME (respirable) @O~ > 77
> (PMss) @ Reference Concentration (RefCon) & LT 0.05 pg/m® (R F~v—2 R
—ZA{EIZ K DRE, FHEFEREOEAH % 100 & L, BERNEEZE) 2RL N5,
7eks. AR (2010) 1. Lucchini & (1999) DR IZI/R S LT AR TEN M
BAfERA T RARA v h & L7z LOAEL 96.7 pg/m® (GRAKY U A DIEE) 2v5. BB L
AD A0~60% DA U AL LT, D RefCon 3R 5 L 0.03 pg/m>~0.04
ng/m’ 2% L LTn5,

(3) MROFFHIBHOBEERMEIZONT

< U O~ o AL E AR DR AL O FE IOV TIE, (2)
IZREHE L7 8B 0 . ADOHRITENIRAEEE~DEEBIZ O\ T, + R EBNT —X D
HHHA L LT, Roels 5 (1992) KT Lucchini & (1999) WFET D, Z D9 b,
FHEFE OB N L KL, 2T 2R TENFIRAETEE N EE S, LY
(IR CREDOL ST Lucchini & (1999) O#ih & FXY DR FE R ARILE A9 D%
SERFSE O F L & HIEr L7,

LU, BREEMBRBEMNTH D Z L BEORBEEREIC L 2ENES L
TWDAREMEZPERR TE RN 2 & 72 EIZ W CORIEFEMENIFET D,

ZDOZ NS AR OREFEARILOMEFEM I OV TIIAR Y O /AR A A9 5%
FHATHDLN, WS ONDOREEENPFIEL, S ORLIFFIHMRLORELET D
bOTHDLZEND, [5BROAERKIGIME OREEY A7 FHTD&H Y J712-50n T
CER 26 FOH O HHE) BT HRFERE R OMEFME T a 1T304 T 5 Ll Lz,

(4) IEHHEDREIZOWNT

VU NINOMEMETLETH Y BIREND~ U H U, BiRRHEb kOO
BRUZED2LONRKE D THD, L LRNG, FBFEEICRIT 22T, %
ABRFEZ L0 MR~ DR B O @R AN LT 5,

W NBREE U 72 55 838 55 D P A28 Tl ESRRIR FE 12 B W) C b AR TEN 2 A0
IZ &> THRBZ~DORERREEN TS Z LD ERAMRICL VB BT A
BREEIC L D MRATEN R RE~ DB L2 R A > b & L CTHREMEZ gt
THIEIEZYTHD LW LTz,
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2T ONKEEERRESNTEY , BFENLOEREIZONTH ARADORFHE
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D FHARAEIZHRD YR FEMEZDNT
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EHT HEFMNROMATH SLucchini & (1999) (282U A7 FHli&4T 5 Z & AV
BTHY ., FEHE SO THRITE PR EMEOA BERIK T 25 i 2 R E
TH596.7 ng M/m® ¥y U A) ZLOAEL & L., WEEEREE) S BB ~DIRE D
WHIE (8 Mff/24H5[#x240H /365 H) %175 &, 21 pgMn/m®L 72 %, LOAEL 7> & NOAEL
~AMFET D 70D DO ARFEIARBUL, BRI TE PSR~ DB LZ B TWDH T L %
ERE L, EHENSOMEM (LucchinifAfF (2012) ., FEMIIXBIMZ6—T 25 H) L&
ZELLTHEL, flfkE (ANRCRBEEL ST, ) ZE LI REFEGEHRE LT
10% W C AR O 2508 35, £72. BT EE OAEHERE~DRECIR
D= NEEE DN ORI O IR I L R TR REMENRE SN TWND Z &
K OEFENZ BN T HHEOAETERR~ DB NE~DEERHL LTINS &, &
BT, BOKIREE Tixd 503, /NEOMBRITEIORE I B L KT T e 2R3 %
HMARSHHZEEBE L, BREY X7 OEBOBLENG, WEBOBEKMEEZBE L1k
BELT3ERETDHIENWEILEEZD,

LEXD | Er2isiie LTI50x v, v T KO~ o T AL & D3
IS ANELIS DA EVEAR 2 FEAIEIF0.14 pg MmP L R HL S U 5,

W

@ HEHIEDREIZOWNT

LLEX D, ~v B v RO~ v 1 AL B O FaEHE 2 45 P41 0.14 ug Mn/m® L
TeEFTHIEEBET D, 2L, WESHTONREEZZE L, KIEEHER & O
FHEIC Y 72 > T, YA, B CAT O~ T (B~ Ty) ORK R HE
Lo TRHATDZETELEZARN,

HERRKIGEME T =2V Y ITREICI VL, v~ Fy (B~ y) OKRKERE
TR TR 2 1445 [ CIAME 72 2 I A2 BV TV 72 WS Bl 4 SRR BNz H 0 |
Mk AR DOE =2 Y VTR Z AT mITITRE DO W 500 K TMEM 23 2 5
b, ZOHEEHMER LY 2011 FEOMER R & T 5 & AL THEEHMER %
A TWAHEN 1T IS ABND,

2B, T OFREHERIT OV TIE, BURE S CUEE ATRE 72 20 L A2 R B I BN L 7 i 3
BERTDHLOTHY . SHROWIROEHRIT L D8 LW R OER IV, ME 72 R
LT T UT e 67e0,
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BB, —EIITEIEDOEAT 2 EITHE D B~ o A O RG~DHPEH B E 2 BN DM, N&HK
D~ T DS ITEBEEMTH IR~ H o D TRAFITHH SN EEZ LN TNDH I L
MH, AR (L) Cid, v ROEE~ T AL OREEIC L DY X7 51T - 7=,

BT 2 A5, BRI 5 A~ Df

1. MEICET SEFRMEIR

YA RUEDEENOYELFHEE

<AL, SRICEBI LK ARDOERTH DA, $L 0 b THE< .
IZEEMETH D (Clayton & Clayton 1981-1982 ; {b5% T3¢ H #ith 2012) .
ﬁ%@ﬁxwt%xfé (RAS 1989) , offf, pRY, R,

Brp% (RARG 1989)

~ U UBERIZKIFEOFEIZ L VB OBERERH U K E T IIAKERE G L TKREEAET S,
TNAI=T LB CAEBL S BUS L TRERBERE L & 72 6T AN & £ (b5 13 B it 2012),
T~ Ak Ew E LT, ik~ (1) (Manganesechloride, MnCly) . g~ > 4> (1)

1—1

ﬁhm I, kLB &
IR <, 22X T
8@@40@H$Wﬂ%w\m%%%ﬁﬁ

(Manganese sulfate, M nSO4)
(Manganese dioxide, MnO,) .

CoH7MNO3)

WEs{r =~ > 4> (Manganese oxide, MnzO,) .
W~ e U A (Potasium permanganate, KMnO,) .
> (8KFn¥) (Manganese borate, MnB,O; * 8H,0) .
MnCO3) |
tricarbonyl (MMT) .

[CHeNSIMNIX(ZN)y, x:y=10:1) RH 5,

~ T RO D EIALE M OME LRI

SR~ v
& VW~

kg~ > 7> (1) (Manganese carbonate,

BiIR10EEY THD,

AFNT a2 =)~ J Y J1VR =0 (Methylcyclopentadienyl manganese

<37 (Maneb., CHeNSMn)., <~ =¥ 7 (Mancozeb,

£ 1 IVAVERUZOIEEYMOMELZMMEE

WE 4 <~ ik~ A ) fiifie~ > H > () Mgl =~ 4
pa Manganese Manganese chloride Manganese sulfate Manganese oxide
==~ Mn MnCl, MnSO, MnzO,

CAS %5 | 7439-96-5 7773-01-5 7785-87-7 1317-35-7
TR 54.94 125.85 151.00 228.81

FilS 1,244°C 650°C 700°C 1,564°C

bR 1,962°C 1,190°C 850°C —

REUE 1 mmHg (1,292°C) 10 mmHg (778°C) — —

IR BN 723g/L (25°C) 520¢g/L (5C) A

SR | — — — —




(Al #)

R 1 IVAVRUVZDILENOYEELZHMEE (BE)

WE4 | b W AT Y UL | ROz T @AKFWY) | BREE~ A (1)
_ Potasi
gl Manganese dioxide perr??a?w?anate Manganese borate Manganese carbonate
(. MnO, KMnO, MnB,O; + 8H,0 MnCO;3
CAS %75 | 1313-13-9 7722-64-7 12228-91-0 598-62-9
1B 86.94 158.04 354.33 114.95
_ 535°C CRe i1 & 1H .
LA 4 IR <240°C (53fiR) —~ 3R
?}E’ Alxj_f'; - - - -
ARRJE — — — —
IKEHE — 63.8g/L (20°C) NG G
SEhRE | — — — —
AFNT TR E T =)L NN o
" X . <~ X7 v avy
DA ~ A B AR =)V ™
- M ethylcyclopentadienyl
S manganese tricarbonyl (MMT) Maneb Mancozeb
- C4HeN2SMN)x(Z
'ﬂﬁ?iﬁ CoH;MnNO5 CsHgN-S/MnN [ . 4_ 6 .2 * n]X( n)y
x:y=10:1
CAS %% | 12108-13-3 12427-38-2 8018-01-7
301-03-1
R 218.1 265.31 541
i 1.5C 200°C THfiE 172°C THrfi
%}B/lﬁ; 4490C -
AT 4.7x10" mmHg  (20°C) 75x108 mmHg  (25°C) 1.32x10" mmHg (25°C)
KM A 6.0mg/L (25C) 6.2mg/L (pH 7.5, 257C)
SR | — 0.62 (HEE1H) 1.33

1—2 RUAVRUVEDLEYDORZE - EHERE

ARIZ, v v HoegE, VA, ~V TV R688k (Teom vy, vVa-<o7
V) | EBRERE~ T CFEORETEAL TS (F 2010) , 1999~20114 O A &I« 2 ([T~ L
7BV THD (F 2010; AMKRT A - S BIYEIRFER 2012)

~ A DFEERIRIT. AT VA R ONEE K ORI, TV =0 A #ille EOIESRE
JB DI S NRBERROBBEM I TH V| A\LZHILEEO5% IR TH D (b T3 WE 2012) |

Bk~ () &, Qe T - BRI, B G ROMIE, SRHEZEAIE, g~ T (D
X RS GRERCEIRIM A 3%) | ZBEMERL @B, IR (v Tk | RS URE
b=~ Tk, wEM, VFULSF VB, 7274 8 @b~ Bk, g, VF UL
A A, BEA CEHEARE) [ 7274 b, HT7ATE EAEKONE) %, B~ Ui
AV T ABE, v B EORREAR, B B OBRER, GRME - G - IR & O PAISE,
UM~ I AT, U=, Mg EORRH, KiE~ 77 (1) 13~ 2 0 HRIREE BRI,
FEL v Ay, 72T MEORGEIEH SN TWD (BT ¥ B 2012 ; AMKRERT A - &




(Al #)

BHL GRS 2012)

B ATV IR = v N AR =0 (MMT) 1%, KE, A ETIEAT Y
VDA 2 Afm EFlE UTOEMNH 722 BARTIE MMTRT P NTRBEL T2 & E 1248
C o~ RANT D o EMICHERR U A RT3 L OfENfRER STl Y (N 2008) |
i S iz & OFERZ R T IT R 0,

TURT v raBTIRM, B, B FORE RER) L LTERNSATERBY (kTR
Wit 2012 5 7 T A b LRSI TR ERR - A A R b TR S R e i
4 — 1993 ; HURA LS T M SAEBSES 1991) | BifiZe EOBIC A RE~BREALTWD
EEZLNDN, IFEAENRTRIIMEL TCNDEBZLND (RFEES - BEA 20120) .

R 2 TUAVOBAE
FENH@BMHEOAS (B : v VBE )

[ 1999 2000 2001 2002 2003 2004 2005
AR (1) 795,133 | 755,461 | 790,140 | 753,074 | 857,537 | 888518 | 893,158
JEA 2006 2007 2008
AR (1) 866,123 | 947,253 | 949,690

High - B (2010) kv ERR

TAMAEDERE (B TUAVHBE Fi)

A

J&AE 2002 2003 2004 2005 2006 2007 2008
i A®E (F1) 791.1 887.7 928.9 9334 898.1 972.9 971.2
JE A 2009 2010 2011

AR (T1) 619.5 878.6 784.2

Hl  AHRAT R - @B G (2012) LY 1R

T (2010) ROVAIMRIAT A - 4RI EIRERE (2012) 13V TN b MBEE ST ES<E
HTHAHM, B (2010) TR GhA. Txav o HUE) OLTHLOICR L, AHFKKRT A -
SEI GV (2012) 1TRBFOMIZ RS (RRLEARED03~1.6%) ZEteZ &, KUIR
BHEN D~ B ~OBERBBRRERNER D Z LIk, BR5HEER>T 5D,

1—3 REERUVENERE

NN NDORMEITLRE T, IR OV E B VR X T — 8 K OVEWRERE D AT
RV Y —=THDHA—N—FF L RT 4 A LH—F(SOD)DIEKK D T HI1EN, WL ONDOEEHE D
TEMEZRD DAL LT TS, ~ U TV BRZTDH e, BRAE, MiREeE R, PR,
TEPVERRRIC L DIEER ENRETDAREMENDH D L SN TVDN, EERNTO~ U OBEITES
FERIZIIMPA S TW R GRIIT 2004) . 7pds, fEFERANTIL, BEORAEETY U RZITE
IhhnEEZLNTWS (B4 @4 2011) |



(Al #)

v AT EE LT AR & R ABRFZIC K0 ARPIC Y 3A Ehv, BIGEL A OREBRIU T 220
EEINTVD, Filo, BEREEKIZL > T, AATORI, 51, JHHENR S 5 Z L6 TH
Do

(1) BRIRE S

—BERERRF O~ AL, W, e KRESORLITThH LM, WASILTHICILE Lz~
VH T EREMRICRIN XD D, KSR L o THEICEIZR CHE T S ND (B 7 4=
7 JIEPA 2008 ; 7> % U #JIIMOE 2011 ; Roth 2006 ; WHO 1981) , filinsbWRIL SNz~ H D
—#E, OB Le T TAIY (TzrXx v F—F) Lo T3MOBA A icEfRm S, KW
ThI7o2A7x2Y (Tf) EREETHILENTE D, TIERA L~ L, IO TERE
SO TEE B L (Gibbonsd 1976) | EO—#BIEMIZIEIZN D,

~ VT DRN~DLARZOWTIE, 0, 006, 0.3, 1.5mgm* D~ 4> (1)  (MnSO,)
Z 13 (6 Keff/H ., 5 HAE) WA SH 7=V Ok % e 368 E# (MRI) f#Hr L 72448 (Dorman
5 2006b) 12k DL, WAL OMERICB W CMRIOTHEF GG CEHZREETNROLND & &
BT, v H AT L DN & BT A MBI B W O~ U T VIRENEEIC ER LT
B, TURFABEBROE SHE LB L T\ e, AT, FEZRE CIRERICY U U RER L.
MRITE(E 5 2R3 & OMEF (Dorman® 2006b) . #REFIREIC L > TEIRE O~ > 2 &8
L7 CRIER (REKREZSOMME) ([CRESEZROTImER (R 2004) 2dbHD, £z,
TREMIRFRIZ LD~ o aEEE TR, BRI T REBRL WL ZERMBATND
(U.SDHHS2012) .

ZOXIBRMANS, AROEREY (VL) TIE. FIROBBEERIC~ B B0 - EFET 5
EEXLNTND,

U HIHLDLRMTICHFEL, RETETHDHZ LD, RO D OEBBUZE L CIES
PEFREI N 72 S v, ADHGE > 5 OWIERIZ Y 3 ~ 5 % (Davidsson™> 1988, 1989; Mena® 1969)
Thd, ROBRTIX, v T AIEN SRS % (LT 2o~ Tr) | K80% )3 i
HoBL-Z a7 ) v TAT I EfEE L, 2O OEARIIATIR TR & Ofa &R C Iz HRt
END0, —EIIBIFIEER T D L E 2 5N TV (Davish 1993; Foradori & 1967 ; Malecki & 1996)
BIGE S ANCHEEL LTV D 7 ZI*Mnz 05 L2 ikBR Tk, PHWRINER IR 5% 1 ~ 6 BT
5%, Beh# 6 ~120[T7 %, F51%12~24F5 T3.8% CTh~7= (Finley 1997)

Jifi 2 R R 9~ D BRI Tl BRI BREERRIS & e LT, K0 B ICRI S, I~ OB TH K& WD
EPREIN TS (Roesh 1997)

Roesh (1997) X, 7 v MIKEEDOE (L~ (1) (MnCly) F72xREMED gk~
v (MnOy) Z&EEWNEYS (MABEOREL L) KOEHEROERYS LZHaoThEhico
WC, MR, R (RS, KIMERE. /MK RO~ U REA R L TWD (£3) .
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(Al #)

x&3 Bl AL (1) EZBIETUAVICETHIREOBELEIENESIZELES
R~ A VIREDOEME

i P 5 g MRk~ T R OHEINE (%)

(Lo 15 = e e

(mg/kgx[=1%%) Mg | BREIR | KM E N

) SEN 1.2x4 68 205 48 27
ik~ A ()

B 24.3x4 68 0 22 0

) SEN 1.2x4 41 48 34 31
b~

wE 24.3%x4 0 0 0 0

F7-. Rodsh (1997) 1%, #4ITRTLHIZ, 7w MIEfb~> > (1) (MnCly) . gk
<~y (MnOy) ZHAl, KENEEGEZIFEGER ARG LT, My o~ T REOHERS L #]
2L TW5,

x4 BT AY (D) EZRET VA VOBERREIZEITAMAT A U ORKREE
E R

&) b3 | B5E (mg/kg) BRIRE (ug/L) IR (hr)
ke 1.2 705 <05
ik~ A () <
e qn| 24.3 16.6 1
B . SAEN 12 17.6 168
b~
B 24.3 9 144
IO kX oz, BENES WABRZEOREE) OFNRAOKGOHEE LT, WIGEENEL

i PRI D~ T A PRE R E < e D T & WINENTo~ A DPRISEN T L 3F0 T,
T bbb, KM~ 0 OWARREETI PR O B2 R TRl E A RIS 2 2 L 0b |
BRI AU O~ T ARER LD G <R TVWD EERIDBND,

< U H IR RBLIREE CTEET A Z L R TE D0, RN HERLIREE D ZELIZBIT 2 40
FUITR OGN TWD, <O~ HAFBEREF 25, Mn (1) £7213Mn (1IV) & L TERE DD,
FEERNON ONOEERTMn () & U THIET D AlRMER RSN TS Z LD (Leach
Lilburn 1978 ; Utter 1976) . (AN T~ A ORRLIREEN LT D Z L AR ST WD, in vitro
REBCIE, Aoere 7T 23y (Zoaxy & —E) AMn (1) ZMn (1) ([ZE{ET 5 Z &0
BlE2 SN THY (Gibbonss 1976) | il THO~ 2 H o DRV OREF & L TORIREMED RIL S vz,
72, invitroilRBR T, < H U ORILIZHEENY, -~z uru T ) v Lofbs (21f) 5 TR
7Y EOfESE (31fi) ~> 7 "TAHZ L, UTDinvivoikBR T, Mn(ll)-a2-~v 27 a2/ a 7Y o
JVTZABMN () -h T AT7=20 007 V77 AL HIRETHD Z ERRINTND
(Gibbons® 1976) .
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(Al #)

7 v b, PV K DB AREEBR T, Mo b OWILOMIZ, WA STo~ 2 0 2 h EhEEo
WRARRE R = AR 0D 2 F 7" AR O AR G A B LT IR~ B S 2 ATREME DS R
SN TW5 (Elder® 2006 ; Roth 2006 ; U.SDHHS 2012) , Elder® (2006) (2 L#uid, Kifkss 3~
SnmDO~ > H U ERIEM A, T bOM GOSN G EPENICI2AMEE T (6 Bf/A, 5 AME) L
TR, MERD~ o B PR IR BRBEDOISE TN L, MR, KIMEE, MR TH~ o T RJE
DOEMNRH NI, £, ARIOSRILEIENT, ERORL» D BPENT T LR T, Zflo
RERIC~ o WU NERE LT, ZORERND ., ~ 2 H o ORI 23 S D> B AR H TRd~IE T4 C
WA Z EDURERENT-, 72, Dorman® (2006b) (2 XAiviX, HovichiElE~ > A (1) (MnSO,)
0.06~15 mg/m*Z 13 (6 W/ H. 5 HAH) WA SERER, BERNO~ 2 T U PREN KR
B HDERIZNT TR L Cnie (R ERS IRER >R SR RE) 2 &2 h . il b i~
D~ I DEEN TR S L& LT D,

WL RFEH O~ v T OWIUZ DN T, BURTIZIATOMANE LN TRE LT, TOEEMZE
BCITMERR TE TV ey, Nongh (2009) (12X - TR ENTZT v b & axtget L7-PBPK
E7 /L (Physiologically-Based Pharmacokinetic model, “EFRFHISEMENREE T /L) & Wz lifE DO
WNERED L 6 . AZOWTORNEIIEICOW TS E L 25 MANSE S5 TS, Nongd (2009)
DPBPKE 7 /WL, SR D~ o AR LD R AF A Z AR BREL, v~
I % i B ORI DML R B R THL D A A TES 6 O ik, B, ITIESE O~ > 77 R GEERRRRE
EOEARIKRE LT~ ATY) 2ETH2H0THD (K1) , MikOaECTO~ B ROk
AHDOTHNZIX, Multiple—Path Particle Dosimetry Model (MPPD version 2.0 : CIIT, Raleigh, NC)2%H
WHILTWD, 7y EEOILOET VTEBWTIE, BERWZRENRIO~ > T o OBITHRR EO¥
EORTHEIHMI N TWVDHRTIHRWA, Mfifkih & SRR OV EZ b2 & Ko 23 ififk i
T, BRIV RELERE SN TS, BERBORINEIZONWTT vy M LT EHE, T
Y P TIERA LT~ D 8 Y idd ERIZIEAE T 2 DITK L, B/ TIE05%DILE L ST
M, ZORKEE LT, @iZOR EEOmBIZIZEOERR DD (T v F>H) T2, IR
HCIRERICBITT D~ v WV BRRERD L ENTWD, 2O D, PILTET v MESRTES
BAEO~ B OWINEETIIRNE ENTWDS, £72, TMICBIT D~ T OEREN, T v
N CIFMEERTHLDIZK L, PATIHRREERTH D, ZNHDOFRERNL, FLDOHFRADET IV
ELTEVRVWEEINTND,

a. lREEBIZOWNT
~ AT D e @i D RTREVE DN SRR N FEER N DRI S LTV D,
Takser b (2003) 1%, W MLF D~ o APREE & 3IkRFD~ v B — 2 —GCIFNREFE M A DK
A a7 & ORREMED G~ H v DR O REME A RIE LT\ 5, Ericsonn  (2007) 1E, fRME
WMo~ 97 o ~OigEE (HE O T AVEICIAE LTc~ U T RENOHEE) LrsEllofTEfE
FELOEN D, FEROAIREME A RIB LT %, 7235, Takser (2003) CTIEALHRIFOREBLO
< N ~DOBRBIRNFE SN TE ST, Ericsond (2007) TIXAWICE TN~ H o HD4:
JBDYRFENFLH I TR,
B EH TIL, Dorman® (2005b) 75, MEARWIEIF O Z v Mg~ A (1) (MnSO,)
0.05~ 1 mgMn/m*% 1 A 6 B A 728 T, 0.5mgMn/m’LL EOREDRET v b Thao—~
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(Al #)

v PR ORI, 0.05mg MNmPLL EDRED R IR Tt AR VB RO~ v H RO A E R
EADBRBOLNTNDD, RGO~ T R, R Clde < HERZ O FLIREIC
LVEZICERE LTV,

b. ARODE LRI E DRE M

~ A ORI - AR BT HER & LT, ~ W O RVETEIRENE O (LRI RE IR LR e
LISMZ, RNOBEOERZF T Hb, T7hbb, NEOMR ERIZB W TEROWIIZEEE-4 2 2 il
@ T AR=Z—=DMTYIEL, ¥~ B ORI HREET 2 Z Lnb ., ~ T ORI EITEE
DOEREICEEIND EEX BTN,

PR Z DIRRE T, IMFEIL D~ > H U REENEIINT 5 Z & BRI XL Tu% (Aschner & Dorman
2006) 1F>. SRR ZHEIMOWERE (13~445%) K OTEH 22 ERE (18~354%) (Z>'Mn& *Fed
WREROBERSE T, 54— 7 OA4 777 4 —CHEEEZHE LI A, ~ B0l
BT I OBEERE TIE7.5% TH 0 | RIIREE (3.0%) 12 TE o 72 & LI H H 5 (Mena
5 1969) .

KREMW TIE, VR LRI SHTERRZRIEL 2o 72T v MTP*MnE RE NG L2 fE 5,
SHBRERCT O ORTR 252 - BE L Il LT, i, B, BN O>MniEEAS & 22> 7= (Brain
5 2006) ., miEIE (10,000 ppm) DEkE Gk E 5 2 72T v MMz E NG LB T
X, RHEREE (8523210 ppmdfikl) LT, Mo D~ T OWIAK T L, NS0~
VDR EN T, KE LR EZFD ) L oSERE TODMTIOMRNAFE BT Tl $kE
JERETIX Y SRR CORBIN A BIZIE T L7z (Thompsons 2006) , 7=, #kRZ OfAEL (8 20
ppm) #EZ 5N TWAET v OB EREODMTLY V37 H &I BEED15~25(F L 72 0 | $kK
ZARPUT TITENED D OPMABILASEEIN L, $EE TIIMARIL B 45 2 & bR ST
% (Thompson® 2007) , #RZ k25 SN2 T v b TiE, P*MnOKE R 52 X > TIRER,
LKL, R, MRS OMMRE ORI G 4 Bz (Thompsons 2007)

(2) HfELIVT7S2R

~ A OFERPEIRRE T, Bk ( (1) BIRESA) O LB, JFRIC T & oA E# T
FEPCHE SN A RETH Y (Davish 1993 ; Foradori > 1967 ; Malecki > 1996) . JRH ~DHEif:
13720y (USEPA 19930) , ~ U H O LAY = — L OB % 51T T % BIEIH i <k,
R D~ 2 77 ARFEDKIHREE (0.15 pg Mn/g cre) D 2 ~9fFTh o7& OHiE (Roelsh 1992) 23
»Hb,

HBUNRE TR L7~ o o 2R OB L7 AOWFIETIE, 2506 Ol 1313~37H & o
23 % (Davidsson® 1989 ; Mena® 1969 ; Sandstrom® 1986) . F7-. #AFEFUC X D HkMIL 248
PEZR L, & LA ORI 2 B AN, 55 2 O HI7310~30H & o (Finley 2003) & &
Do

WABRTE DOLA 1T, ASCEREIMIZEB VT 2 FiEZ R T & OBFZERERITA DI TV ZRngs, FE6k
BN TL, S C > TI VT T RAOMENRRR D Z ENRINTWD, ok, Zhbo
AR TIE, WMABRBRZICE ISRt Sz~ o095, WIS TR THEl S &
KaBE D> B RGBS RS CHIGE ISEXN TR SN RIFAHTH B,

_13_



(Al #)

AT, Menab (1969) 12k 5 &, Hifb~> B> (1) (*MnCly) F£72138{k~ > 7 (*Mn0,)
EWMASHT, RRCHEF OMMnE JIIE L2/, MUtk Lz*Mno 5 55 T60% (b
40~70%) 7254 BRRILANIZEERICHR S 7z i ST g

EERENY) O NBRFERBR ) HIX, ~ v T OPHIC O W T FOMENSE BTV D

Drown® (1986) (= LU, 7 v ik~ 7 (1) (*MNnCly) £ 7213 I L =~ > #H > (*MngO,)

RENEG LR TIE, i’ﬁﬂ:V/iJ/ () X3 H, Wfb=~> > TII7 HTEREEDR
50% A FERICHRt S Nz, 2 EMBICITE b~ Ty (1) TIEREGEDT0%, Wi k=~
°i&5%@m%ﬁﬁ¢u%ﬁéﬂko%#E®7)77/Xiﬂﬁf ik~ H e ) T
7 AR, WUR b=~ Tl 2 BB CTHRINIZOMR Lo~ v oz s v, —J7, B
O VT T AFERET, Bk~ () KON =~ BTk, &5%1~3 LW
2HEMBZICHAREO Y —7 3 0 | BEHBOAMITBEE LR & o T,

Newland® (1987) 1. Hicifb~> > (1) (*MnCl) %3055 RIWA S8, D% 1 4R
VLEIZD720 0 s, SR OFEP ORERZHIE L, BME» O OBEED 7 VT 7 o AL 3
PET, SFHOFRAINL, 5 1 HH205H R, 55 2 M2 12~27H, 2 3t 94~187TH Th -7z, A
NS OHBSRRO 7 VT 7 o AL VAMET, 13223~ 267H Th o7z, ¥, B TIX, Hik
~ Ay (1) OBEGHAOBIZHHNEOE =27 RH, ZOH%O I VT 7 U ABEERTH -T2,
HZ PRI S 72 O RE DI 1T 2 MIE T 55 1A T 1 B AR, 5 2 A o0 ki 1X50~60 H
ThoT=,

Zoftz, BCHEE~ T (1) (MnSO,) 15mgMnm?&1$_Fﬁ(6ﬁ#FVE 5 HME) W
ASETHOBELBIZE LA T, WA, #aRick T 2~ o T O 23%15~16H & Ot
£ (Dorman® 2006a) & 5,
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(Al #)

1—4 @BREE - BFEZEICO1T

(1) &=

WstE~ o o2l b b——ifgEic L s L, Ty b, PALEDRANZEBTFA7 VT TR
I3 2 FEME DIREE e OMEEZ R I K D WIGR OFHE 72 EIZHEM 2203 H v Tuhvewvy (Schroeter ©
2011), ¥ > B OW NIRRT BIT DR RERRE TORIZONTIE, 7 v b EPLTHRZEDO S
HZEDREINTWSD (Nong H 2009), 7 v hTCl, SMEREED 50% 03 LR THLH0,
TIEI%, ATIES%E, 7y FOBR EROEEAKRE W2, BIEIHREH TRININLL~
T DENRZNESNTND, LNLRNE, R ERB O~ I TG EOFli~D5)
N e S TW5 (Schroeter & 2011),

(2) E&E

EAEECOWTILLFOMFE A 2SN TEY . TORE, FLRELOVNE, s, IR E
OFFHERERRE OB RS AR IE . SRR ZME A BIEGRMERT S— %2 EREF O
AN, = T ~OBRFEIT L TEZER @V E B R DT,

a. LRRU/NR

FIRTIX, v~ DO FBERPEMREEE Th D B FHRIER 2 5B RITITFEE L TV RN Z & 23,
~ B DENARRICEET D AR’ H 25 (Lonnerdal 1994), F7=, FLIE/NETHE, K
HY 2 OFFRENRA LY 202D, B LR CIRE O Th > THIRNAR &N KX
<720 IR TIIARAD 365, NETIZRAD 2512725 L SN TWD (B F R4 2010),
B, BmIER (7 v F) IZBWTH, EEENKAEREY bRBEICZ 'O~ T %
IHEWILT 5 Z & Ao d A (Lonnerdal & 1987) . I ig-IMREFT % @i 35 ~ o A > O,
BRI 18 AR CIXREMEARD 45 TH D 2 L 237 HE (Mena 1974) 235, 7=,
B0~ HDZ v Mok~ (1) (MnCly) ZH[EIREENEE L7-fE R, A% b 72
WD I T 2~ o T DIERBIRFHBN RS, ~ U HAREbEN-T2Z L b, Bk
WTIEME D B~ B U AT Z & OFR A A A ¥ AFE O KNP R X iz
(Valois & Webster 1989)

ZOXo Rz EnE, HRS/NERTITRA L ERT, v~ B 2RI LS 5T, HEiEA
Z L, KRAmEPE S RDABEENRSZ 2 b D,

b. H#E
E N DRSMEICBIE L CIE, B~ o A U EE T o OERD 5 b, o~ 0 R E
MDEWEEOEE T, EROWHAME, 78k OE ORERFIC, &0 BERIKTRA LT
A (Mergler 1999) | ~ W U E@ TG0 BT #EE T, FoOLEM (hand steadiness,  tremor)
N OB 0 R AR DO W A T B D GRS ARl L AR AT L 2R T2 A S 72 i, (Bouchard &
2005) D, FT-. EREMTII~ o H o ~DIRBHOMROEHS X G SOMbA F L 2D
BRI IR TE T 5 AT REME DNV RIB STV 5 (Desolels 2000 ; Fornstedt 5 1990 ; Lipe® 1999)
INHDOZEND, EMEOCHPERE LD b, v T ~DRERIZL 2R ELZITOT0
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(Al #)

TR ENT,

c. BMFRECHRBREEEORE. FREOXEENSE
PSVENTR BT RERE S (PR, MIARSTESR LG 70 &) DRBFE | IR D REEIF 2O
T, gz T~ o DIRITHRIE R A+ Th D 2 &0, ~ T U BTz #E BRIz
BIEBRICAD Z LB MIRTRMO~ o ARENE L 720 FlZe~ 2 7T AT DFFE D
fEd (BLJRRZ, RRICREERE BE) KT 2 2 e REN TS (I H R4 2010 ;
U.S.DHHS2012).,

d. #RZHEEMSBE
U ORI EIISOEBREICHEBEIND ZENRBINTEY (Aschner & Dorman

2006 ; Brain © 2006 ; Thompson & 2006, 2007) (I 1 -3 OMANEIRE] DOHEZZMR) . &
Kz (Ai) OREICHD L, v T ORINESHEIM L, B2 &Mk ORENE < 8D
AREEN B 5,

e. EIERMERT/A—F VY VIEGE
L, Gk TR ERA R & LI FmA b | BIEGEMERT S —F o Y IR (B
RATRIZA LR, R—=R2 VARG L TV DIREE) OAR~ U B CRET D &, 3
— %2V VEEREERIE LOT WO ATREME SRR ST WD, WIRE O~ 0 U TIgEE U TR
LTIER, N—=F Y EBGREORIEF D, PR LONR—F% Y VIEBREBE LV K 17
FENEREIN TS (Racette » 2001), F7-, v 2PN T 28664 THELOFER
TIEAN—=F 0 Y AEFEREO AR EI IR () RIEOFERELIY bEroTz L DARN S D
(Lucchini & 2007), ##3EBRICEBWVTEH, 6-hydroxydopamin (6-OHDA) THL{E L CHij/ S—&F
VYV SEGREOIRIBIZ LT T v N EALED T v N E v o IR SRR T, miS—
XV AEGRRRIED T v SO BRERED v -7 X/ BEE (GABA) SAEICHIN L, MfAT
RO REREE A B ICE L LT 2 (Gwiazda & 2002 ; Witholt 5 2000),

EROBEAOMIZ, v H ~OBRFEIKT D OMZEIZ OV T E R E1T o 72, EFIRE
DFERTIX, BRAS/NET, BHEOF N LML 0 L MRATEEREMAE N L OWE (Mergler
5 1999 ; Takser® 2003) NAHN5H, 7. Lucchini® (2007) (2L D~ H o ~DgiE &L /<—
XY Uk ORRE L OBEOFE TIX, 0T NBEL Y VAR E (CPR) BNHEEIZED -
oo TNHDZEMNE, ¥ H U ~OIFEEITHT DRSO DWW T, BEEA (=2 FR
AN X TRRDIFERNPELNL TN,
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(Al #)

2. HEMSEEE

2—-1 FEIFAAVBRVEBEFESTHE (ZEFRMH)
(1) EtEEE
a. FhAM

~ B RO DOAEE IO T, EEENS AIFZERE (IARC) TR S TR 5T,
EPA (1996) TiZD (ADFENBAMEIZHOWTHETET 2VWWE) L &hTn5b

@ HMNAICEET HEFEHE
AARIZEBWTIL, V/ﬁ/ﬁMﬁWijﬁ#h®%$4&%t4@ﬁm V7 = —TlE
~ T BRRAEEE T RE - BIRIEDS L WENEDS A M OMEERD A AR RIS R EE (SIR) D1
INAEE SN TWDH D, w?ﬂwﬁnf%V/w/u%A®ﬁ gD L EBIL, D
BRI N AR T- 0, ~ o H G L R AT OV T ORBE I [ TIE2AV, KE O Hs
RIZB T 2B A RTAEIKR P~ T LITHEEREOHEN AL NN, Kb~y
IHERADHMENRALNLTVD
bozZent, NOFRENA ‘rﬁé_ob\fi RAG3 2R LIMEAE L 722V I S D,
£ 512, ENANMEIZET 5 FERE PR L R LT,

K5 ADEFICHTIME

Nekatah (1995) 1%, FEEIRICISIT DAL AFEAEIZ RIS 2 5 il 2 S hi L 7=, 1985~19924(
B AZHINIAR N A & W S 72 BB 1,41140 & 1981~ 19924E I Z RN MR 28 A CHETS L 726564 &, Mk, 4F
W OVEARIZ L 0 03 LT, TR & /M CO R TIX, RINZIRDS A DIRAER SERICHERZEIT
IRINSTED, = TR D & o T idik & Z AV LAS O Ml TELEE U 7o R Tl ~ o T il & o7z
HIIZ I 1T AR AR LR TER/MOMIBK L U @i o7z, —JF, HEILILDO & - - UK Tl LSt o
Mgk 0 BIERE HEERNE o7, B, vy, B~ OBRERES TGRS TRLT, &
B ORI AD ) 27 R+ & LT, BEMEF. &F @EWEIEN - 2 o "7 EoBRR L) O X
I IREREEIN T, HRK T, BRI T LA~DIBRELE LD E LTS,

Hobbesland® (1999) 1%, /AU x—0D 7 xw « v AU RN Y 3« = H oo 4 8ETEO Bk
FHBHE BT DIP AT D 28— MIFSEE FEh L7, 1933~1991FEDRICHID THEL ., el &
t, 6 4 H R SN2 9781#°6,36344 & %412 LT, 1953~ 19914E (2B DN A DRIEH & / VT = —
ABERIZ L0 R U7z, JE I o S BV E5. 74 BRI o0 i1 324.28- T d 1 | 153,565 N4 A
TeRIRE T2 o7z, FAEORER, 5754 TEOTHIO RN ANFKIE L TRV | EAELREEL (SIR) 131.02 (95%
Confidence Interval (Cl) : 0.94~1.10) Th -7z, 1953F-LARNICEEZE L7z 7B D203 A DSIRIZ1.14 (95%
Cl : 1.03~1.26) L HREICE o Tz, WHFIEEZICB O TIL, Sl - BlRPER A L ZE OO ADSIR
NZENEN4A23 (95%Cl : 1.15~10.8), 1.85(95%Cl : 1.13~2.85) & A &I LH LT\ iz, BILIFELIALD
TEREF TRV TR, NS A K OMESADS A DSIRIZZ41LE411.91 (95%Cl : 1.07~3.15) , 2.60 (95%CI :
112~513) L AREIC EFR LT\, U B ~OREFEIRE L, 197TH4ELIANZ DWW TIRHATH S A, 1
T3 I TLI979~19914F (2 51T 2 3394 DIEFRIFE3EF O ANREE & HIE 4. ZORERNSE~
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(Al #)

TP (RIARIZOWTIERREZA L) 13990 pg/m® (Fufil) LHEE SN, LnLAanb, HEE51F
WIF LIS OVEEE TR IR ORNAOREROERERIETRALND Z & FrEFE N EERITZ T
TRBRRENARHTH D Z ERHEE PO EDREE LT TNl ehb, v T ERBBALED
BHEIMEIC DWW TIEE 2 DR E L LTV D,

Spangler & Reid (2010) %, KE/ —Zx v 7 A FMOER (K 49,000 N) 1ZF1T 5 AERBFAINGEIC
E 0 FETEED ABE R & PR U T R S O Rk~ o 7 v & o BEEL & FERIR 38T CTREHT L
7o REH~ 2 H o OFHEIT 2.4 ng/m® (HPH : 0.01~15.1 ng/m®) . # kT~ > 5~ OFH 1% 78.23
ug/L (EPH : 3.00~346 pg/L) ThoT-, RRHF~r T i, ENA, ANRAKOHINA DR T
BRERAOHBENA LI, Kb~ T Eid, @0, KB A, FiNADOIEERIZBWTEH
EREOHBEANRALILTND DFERDENT, KKP~ o T AREITIEF IARVRE S Th o7
D3, HUR KRR EEIIIEH um/)i%f;f%of:f:&)k%‘%g ITHEZ LTV 5,

Q ENRAEICET HEIRER

FENANMEICEIT 2B EBROMEIIR 6 D LEBY TH D,

BRI T, WABRFEERII LT S o o3, fiilg~ > 7y (1D O N5 T

7 v MTEPATH LT, =7 A TITAE TIEARW D LR BRI IR o 38 A= 0 73 7 %znm\
Do YA UBROBHIE NG TH, Ty MUERGOBAEREOHIMIA LTV, v
VIRE O b~ U DR GTIE, 7y R T Z2DOWT U S OF AR O
INZ A HAL TR,

PbDZ Lt EBREWOINANEOFEHIUIA 5 TH 5 Ll b,

x6 HYMRRICEHITIHME
ROK5RER

NTP (1993) (Z Xk 55 AR TIZ, F344/IN 7 v kKON B6C3F, v 7 A DMERER 70 /L4 1L LT,
i~ A (1) (1KF#) (MnSO, - HO) % 0. 1,500, 5,000, 15,000 ppm O C 103 ¥ B
TG LIk, 7 v b CTIRRGICEE U785 O R AEROEINIL R0 > 72, 7235, 15,000 ppm FEDHEZ
v N TCIEBIEDORAREN GG, EITLEBIEIC L2 TROEMNNB AL, ~ 7 A TiE, 15000 ppm
D e C FUIR BRIE A AR AR 00 R 7 _ERGRIEZ R DR A SR O B 7 INANER D D=3, HURARIE I IRAE D
FEAERIIHT IR & LR CTHERBEINIRD o tz, LnLaRRD, EDRRKO~ 7 AZBIT
L FIRIREIIME DR AER (ETO0~4%, METO~9%) LT DL, DM ERE->TWeE, 2
IHOREFR G, NTP (1993) X, 7 v MZOWTIEEDBAMEOFHLS /2 & L, <~ T RZDOW TR
BR72FFHL (equivocal evidence) 7385 & L7=,

AARNR S5 KR

Furst (1978) (Z XiuiX, F3447 v NERER2BCA 1HEE LT, v~ AR, 10mg/lEl% 9 » H i
(1EVA) . ZEb~>H 0, 10mg/lalz 9 » AR (1EVA) fRNEE LR, L OWED X 1 X
<~ RBPLAE 1L LT, o A BRI0mg/El %2 HEl, @b~ A2 3mglEl, 5mg/El% 6 4 A
(1E/H) fPNES LB <, OB ERORERBNTRO bR o, LINLRRL, =
I () TEFATERS— T (Manganese (I1) acetylacetonate (MAA)) 50 mg/[el% 6 » AfH (1 [=l/
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(Al #)

A) HARNEE L7 > M TIE, HESE CRERIEOEINIMN 2 bivle, Z ORIZFEm Iz, F3447
v MMEER25IEA 1 REE LT~ AU R0, 10mg/ElZ124 HRE (2[8/7) @il n#& 54 558r T
IE. 2HFRICEBNT S, BEOBAEREOR BERMEINE o7,

RN 5 RER

Stoner 5 (1976) 1%, A/Strong’\?‘?x&kﬁfﬁ%lollﬁ%lﬂié: L., METO, 132, 330, 660 mg/kgDfiifk
~ Ay () % 3[E OB T2 5T THEENS G- L, #llal$ G- 0301 4 ( FE#% L C il 2 81
L LT, TORER, 132 mg/kglh EORE TG ORAEROF BRI > 7223, 1 IEH 7= OMiflES
DH13660 mg/kght TH EZR¥ENINNFEO Hiviz,

b. BEFEEME (ERRM)
BAAFREERICEAT O ERMmAERT-1, BABHERO—EERERT-212F LT,
in vivo BERTIX, WEETBIE OV L SERICY AR R EBEE OF B2 EIMA A 5T D03,
%@%ﬂﬁ%%%@:?:kﬁﬁ%hfwé:y#w%m®éﬁm®%§%%okkw i
TR E ENTWD, WEEMW I, b~y () TR, Fg~rre (), #E~
T T LG THEORRBALNTEY, vavya =ik CldE b~ T
(0. e~ 77 () OG- TREDOR K TH -7z,
invitro RERTIL, Hb~> T2 () | W~y () b~ T ) v Lz T,
LI ARG CoENE L 73R Tl MRENEME LR ORI - BRINEO LN A Th D08, Btk
KOBEHEORERR G LN TS, kv Ty () | Wi~y (1) | i~ v 7 EOM
EHEORBCIL, RENEELROEM « BRIMCERE O SN2 TH DM, BER OO
FERPF SN TND,
PLED X512, invivo #ER K N in vitro 3R THHME X ORRIEDFER N A BINLD Z L b | BB
FREEMICOWTORMITHE RV EE 2B,

& 7-1 ECFEEFHICETLIBE
in vivoiE&
A

Elias & (1989) (X, ~> A, =vF v, 7 a L EOE8ROEE Y 10~24 FM5Z1T TV DT
DO LRI Y o RERZ AR U, Yo R H HE 2R~ R, v 7 %# (metd active gas
welding) 17> TW\W5 7 —7T, PR BEFHEOFEREMB AN EHMEL TS, Ll
RGBT OERERFE 2SR T ENMONTWD =y FVORE S RIFICZ T TR Y,
DOEEOBREEE L ZIT TN Ehb, w0 OgER & OBJEII L Tlidw, ek, v Ty
DI PR EEIE 2.39 pg/L, JRFIREEIT 4.47 pg/g cre Th o7z,

HELEN

Dikshith & Chandra (1978) (%, D7 v/ 7 v Mt~ # > (1) (MnCly) 0.050 mg/kg/day
%1maﬁﬁm&ﬁbto%@%%\%%w@\%ﬁW@f%@wgﬁ®%%@@woko

Joardar & Sharma (1990) 1%, D Swissabino~ 7 2 |ZHife~ 4> (1) (MnSO,) % 10.25, 20.25.
61 mg/100 g-bw, F7-i V/ﬁ/mﬁ)?A(KWDDGS 13, 38 mg/100 g-bw# . 3 @ fHsR IR
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(Al #)

ARG LR, EH6DMEWI oV T, BB O YL IR R K OV INE O FEAEBE DN, H
THRARE R OB b7 & Lfb\éo ¥, YRR O FEIEITMEE~ o ()
DI~ I BN 75K N T,

HELEMILSNDEY (3o P 3H/AI)

Rasmuson (1985) (Z Jiuix, b~ (1) (MnCly) 1%, IREAAR Y b7 AN Trayyay
INT DRI IR E R A FHR Lo T2,

Vaencia® (1985) (2 XX, Hilg~ A2 (1) (MnSO,) 1% a vy a v = TS MEESESS
RIS THIE Lip oz, 728, NTP (1993) (2B T b Vaenciabh (1985) ORERFE A2 5 L T
ZDO

in vitrostE&
THEL AR

Umeda & Nishimura (1979) | LiuE., @~ o @Eh Y 7 (KMnO,) 1. FM3A #ikl (C3H
7 ZFLEAR) b\ﬂﬁ&iﬁf@fﬂéﬁiﬂ%%ﬁ%ﬁb ik~ H > (1) (MnCly) Tl i~
R ?Ai))%@ﬁia@\% R T HIRE THIIREES A B,

Oberly & (1982) %, Hift~>H > (1) (MnCly 7%, L5178TK* il (=7 2V v _Effa) %
Az~ 20 7 3 —<RBRICB W T, REHE LR OTIND 72 WA THROBEE RS &2 R LTz &
HELTWD,

DeMéo & (1991) (. W~ H el U 7L (KMnO,y) (FEMESET) KOME/L~ > (11) (MnCly)
= S = ) //\ﬁz%ﬁﬁu\t:x v FiABR (DNA BERE) 2B\ T, DNA BEAZFHR LI WA L
/Cl/\éo

Lima® (2008) (2 LiuX. Hfk~> > (1) (MnCly) 1%, B R U /SERT, G2z W\ Tt
KB ZFHE LT, £, axy FRBR (DNABEERER) CTHLEMEORETH -7,

Galoway > (1987) 2 &LiuZ, Wi~ (1) (MnSO, L, SOmixDAHMIZLR 5T, CHOME
(Fx A =—ANLRAZ—JRBMIAE) Ok asrR2cH (SCE) Z#k%E L, CHOMAE D YL (4R Bk
1. SOMIXDIELE L2 WA IZITFER S, FETAHEAICIIFER SN o1,

NTP (1993) (= LAz, Wit~ Hr (1) (1KFf1%) (MnSO, -+ H,0) 1%, CHOMMI T, S9mix
DA AR & PRI B/ RS W A 3558 U T- 728 Qe R B 2 DWW TIISOD TN A & 5 Sl I ek,
WIS 22 WA i%fﬁ@n‘*%f%oto

Tsudal Kato (1977) 1. A~ Ao h U 72 (KMnOy) 1X, U 7 oA RAX—RIROFEE
FHpE CY IR B H ’E%@%‘é Lfcﬁ?ﬁ)o 7mEHELTWS,

ey

NTP (1993) |z X #Z, fitig~ > H > (1) (1KF#) (MnSO,+ H0) X, A F 7 A Salmonella
typhimurium TA97, TA98, TA100, TA1535, TA1537 % H\ 7= 18 IM22sR 28 BRIz B8 T, SOmix ¥RN
DHEIRLTIREOR R TH o7,

Wong (1988) DI KAuid, ik~ (1) (MnCly) 1%, R A I F 7 AW S. typhimurium TA98,
TA102, TA1535 % F7-18 IR 2SR kR CTld. SOmix OF IR STt Th - 7-78, TA1S37 T
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(Al #)

I SOmix D USHIREIZ IFFa M, MERMNEF I ETH - 72,

DeMéo & (1991) D#ETIX, Hlb~>H > (1) (MnCly Efifg~> 7> (1) (MnSO,) 1X& b
2, RARIT 7 AE S. typhimurium TA102 |23\ T, SQmix??%%jJDH#@J%OD?ﬁEﬁT“&;‘E%%)?ﬁ\ (AES RS
ERLTCNWD, b~ HUiEh ) va (KMnOy) (X, TA97, TA98 (Zxf L CiE, SOmix OF /RS
TRt Th o723, TAL100, TAL102 (ZxF L CiL, SOmix IRINEEIC e, MRINREIZEECTh - 72,

Mortelmans & (1986) = LT, Wi~ > (1) (MnSO,) (%, SOmix DFEEIZEE DL &, % X
R F T AH S typhimurium TA97, TA98, TA100, TA1535, TA1537 % i\ 7= 18722582 Bk Clak
ThHoT,

Pagano & Zeiger (1992) (%, fiilt~ A (1) (MnSO,) 1%, FXIF 7 AE S. typhimurium TA97
Z T8 )5 %m;"}‘j‘r;@\niﬁﬁfl%fﬁikiﬁibfb\é B2, 2fiA A OFL—F—%EMT D &
fiie~ 7> (1) (MnSO,) | TR OBEEN TN D Z ERBIE I,

Singh (1984) (T JAuiX, ﬁﬁﬁ&“’? >y () (MnSO,) 1%, FERE Saccaromyces cerevisiae strain D7 %
RIS A WE i SS9 R AR © | AR F ALK OB R IEIREE DO WTIUTIB T S 550 Btns
RERLiz,

Nishioka (1975) |2 LA, K ELE Bacillus subtillis % Fv 7= rec-assay C. b~ > 4> (1I) (MnCl,) .
b~ A (Mn(NOs),) . i~ H (Mn(CHsCOO),) 1EBtEZ R L=, W~ H @il v
L (KMnOy) X Th -7z,

Kanematsu © (1980) (2 L AviE, F5ELE B. subtillis % F\ 7= rec-assay C. #ifb~ > 4> (11) (MnCly) .
b~ A (MN(NOg),) . EEfiE~ > 4> (Mn(CHsCOO),) 1Xfatt:Tdh ~7=,

R7-2 TUAVICHEIHREFEERCERIABRERO—E
BT oA (1) (MnCly)

R 7 1E BERE - ARuEk - B it SCHR
in vivo /J‘*Zﬁﬁ% T Ty b ('Jﬁﬂ"[ﬁﬂﬁﬁ/%ﬂm@\ Dikshith & Chandra (1978)
FoIUHERE)

B 50715 - s —
M MM : 180 A
5.5 : 0.050 mg/kg bw/day

KO BELRTE | v avda unx Rasmuson (1985)
IR HLEAER (IR R | #5575 Sk 2 9B s
Ry b7 A R) HTES LT Rk T | —
Hz%azo W R IRF AT A B,
BREZIEFE © 140 mM

invitro | EIRZEARERFER | X X I F 7 A HE TAL2 ; DeMéo & (1991)
SOmix (—) +
EIHRIRE BB | x X3 F 7 A4 TA98, TA102, Wong (1988)
TA1535; SOmix (+/—) -
HIRERERHER | * AT 7 A4 TAL537 ; Wong (1988)
SOmix (—) +
SOmix (+) —
DNA (& 18 & B | 55 H17Rec’. M45Rec ; Nishioka (1975)
; AN -
(rec-assay) SOmix HEDEE 7 L
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(Al #)

DNA f{& i 3 Bt | #6%F H17Rec’. M45Rec ; | | Kanematsu & (1980)
(rec-assay) SOmix AEEDFLHE 72 L
o (R FLH R FM3A (C3H ~ 7 A FL M) Umeda & Nishimura (1979)
; SOmiX FEDFE 7 L
~ 7 A 7 4 — |L5178Y TK™ (v 2 ) L /3 . | Oberly & (1982)
~ R HRE) 5 SOmix (—)
2 A v b BB MY RER; SOmix FHEOFD n DeMéo & (1991)
(DNA #15) ERAN D
AR NN b Y RER; SOmix A EDED 4 Lima » (2008)
#H7e L
o A v b3 BB MY NER; SOmix A O n Lima & (2008)
(DNA #15) ERAN D
BmEs< A (1) (MnSO,)
BRI FAE - Mk - EhfE s SCHR
invivo | /DEERRER Swissalbino ~ 7 % + Joardar & Sharma (1990)
PGk RO S (10.25 mg/
BRTE IR - 33ER 100 g-bw LA |)
# 5 & : 1025, 20.25. 61
mg/100 g-bw
PEEM B R | a3 vy g T Vaencia © (1985)
Beh Ik L & B NTP (1993)
4 0. 1,000 ppm
10 0. 12,500 ppm
invitro | EHIRFERERFER | X X I F 7 A H TA97. Mortelmans © (1986)
TA98. TA100, TA1535, —
TA1537 ; SOmix (+/—)
IFGRERTBR | X X IF 7 AE TA97 n Pagano & Zeiger (1992)
; SOmix BEDFHE L
BIRTRERRER | 2 XA I F 7 A H TA97, NTP (1993)
TA98. TA100, TA1535, —
TA1537 ; SOmix (+/—)
BAR T HIE IR 22 | BERE D7; SOmix A o Sk n Singh (1984)
SRR BBk L
DNA & 18 3 Bt | #5556 H17Rec’, M45Rec ; n Nishioka (1975)
(rec-assay) SOmix HEEDFLHE 72 L
DNA & 18 & Bt | fhEE ; S9(—) B Kanematsu & (1980)
(rec-assay)
Tk Ye o /3 IR 28 # | CHO A (T A =— A Galloway © (1987)
B LA L —PREHR) +
SOmix (+/—)
Bili ok G 00,43 R A2 # | CHO MR 5 SOmix(+/—) L NTP (1993)
YL R HL H AR CHO #ifa ; Galloway © (1987)
S9mix (—) +
SOmix (+) -
LR Y CHO i ; NTP (1993)
S9mix (+) -
SOmix (—) +
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(Al #)

ARSI

FOMDOT A IEEY
BRI b&W FAE - MR - B | RER SCiHk
invivo | /MEEER KMnO, Swissabino 7 % + Joardar & Sharma
eE Ik Rnks (6.5 (1990)
NEEE A 3 mg/100
5 .65, 13, 38| gbw U
mg/100 g-bw F)
YefR R EFER | Mn BT ORMIMLY 23 + Elias » (1989)
ﬁ{ =
MREEHAM] : 10~24 4R | 7~
iR EE : 2.39 pg/L DR
JRAFJERE : 447 pg/gere | V)
invitro | DNA {EE 5 | Mn(NOs), ks H17Rec’ . Nishioka (1975)
(rec-assay) M45Rec ; SOmix A 4 D +
FLflZe L
DNA & 18 35k | Mn(NOs); it HE H17Rec’ . Kanematsu © (1980)
(rec-assay) M45Rec ; SOmix A D —
FLlZe L
DNA & 1E 55k | KMnO,4 it F H17Rec’ . Nishioka (1975)
(rec-assay) M45Rec ; SOmix A D —
FLflZe L
DNA &1 Bk | Mn(CHCOO), | ff & H17Rec’ . Nishioka (1975)
(rec-assay) M45Rec ; SOmix A 4 D +
FLflZe L
DNA &1 Bk | Mn(CH3COO), | £ # H17Rec’ . Kanematsu © (1980)
(rec-assay) M45Rec ; SOmix A 4 D —
Rl L
2 Ay kR B | KMnO, ANV Bk Bt SRt DeMéo & (1991)
(DNA #15) T, SOmix A DG +
2L
Yuto (R RBR | KMNO,4 FM3A (C3H ~ v %%, Umeda & Nishimura
FEHIRE) ; SOmix A D + (1979)
FLflZe L
Ye (R ERER | KMnO, U T UNBAL—NR Tsuda & Kato (1977)

(2) &M@

EIBEHERE S KD RN AT AT IR D
~ B R OREDAEMTHONTIE, JARCIZBW T HEHMNEm SN TB 67, e, £

TE B A O FER B LA DR Do T,

BREN) O TEEREIZRB N TS, FIAREDAMENR SN TWRWZD, ERHiE TE 220,
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(Al #)

2—2 ENARUSNDODEEHE

(1) EiEFHE

a. 2EEH
SMEFE GEHREOMAE ET) ST EERMRAEE IR LT,
ANDZMEFNEICET 2 HRIT RS - 5 R0 o T, B, O THERED A NZEA
HiE XN TS (Akbar-Khanzadeh 1993) 73, ZAULH HIIC~ > B U 2 GHelRE T 2 — LT
BREE STV AIEES ISR UISREZIE LR Th Yy HEIRTRIC L 2 B2 R0 T
TN EEND, ANOBHEFMEICET AL THICEFEAMEY B 6D,

Y ER TIILL T OERBE LN TWD, FolE~OHE G L < IZEHIH oW ARk (2.8
~a3mgm®, "t~ A v gk =~ v L ORIT) T O RIENBIE STV S (Adkins
5 1980 ; Bergstrom 1977 ; Maigetter & 1976) , L72>L. Z L5 ORIEMEGS IR AR T-IRW)E
THBIZEEZOIMEDO LD TH T, v~ HUFARFICRHRERNRbOTERVESRTND

(U.SEPA 1985) |

7 v MCHERE OGS L75A OLDslE, Hifb~ > > (II) Tix275~804 mg/kg (Holbrook
5 1975; Kostial > 1989 ; Singh& Junnarkar 1991) | fiifig~ > %> (II) TIL782 mg/kg (Smyth
5 1969) | HElE~ > H L T131,082mglkg TH > 7= (Singh& Junnarkar 1991)

x8 RFMENMEICEHTIME
BYERT—4
R A BREERER

Bergstrom (1977) 1%, E/AE v M, )t~ (MnO,) 22 mgim*d 2R (M) | ii)MnO,
BRFE D 1 HEGNZHME (Enterobacter cloacae) DIRAE LT=xT7 1Y VZHgEFE (Ei+M) | iii) MnOJIREEE D HE
AN OIRIE L7 7 v VLICIRTE (EgtM) | iV)MNOLIREE DIE IS DIRIE Lo =7 1 Y VIR
#% (M+Ep) 72 EDFRMFTERL, Mi~OEHRRE (MnOJRER. THLW) Zi~7z, ZO#R5R,
iy OMNOD 7 V7 Z 2 ADEEE, Ex+M TMNO DA D5 & R THEIZIE T L7z (MnOJgER
D1, 3HE) 2, EgtM, M+EqTlE, 7 U 7 7 v A DB IIMNO,D 7 DIEFE DG4 L [RIFRE THh - 7=,
MO & % DI Veifk T O~ 7 v 7 7 — V%, BMEKBIZHS>WTIE, E+M, EgtM, M+Ey T, MnO,
DIHDEGE & LR THIMM I B, EgtM, M+E)ZIUV T, MnOJMRFED 1 ~ 3 B OBIMAEFHTH -
Tro E7-. KTHREEEMNOJEBIECHME OIRE L= 7 0 Y LERASET, finbofME»n 7 V7S
VA BFAARTZEERTIL, MnOJEEEHE CTIX IR L (L THIE D 7 U 7 7 2 ZADOBE DR T A A b ALz,
INHDZ END, FEEHBIIMNO~DIEFE DR 5 D RAE S ECEIUE SOOI T 25| & 27
AREMER D & LT D,

Adkins® (1980) (2 LiuiE, ~ 7 AW AMEDO =T v YL (B4 um) OWNERE =~ H > (MnOy)
7 2 WFRN SE7fE R, REER 24 I D720 . ~ U ZADICILE Lo~ & 97 & OB TR
RN SN, WRERE~OFE (BR) 2= FRA > & LIEZNOAELIZ29 mgm*Th 7=,

Maigetter 5> (1976) (= ki, @ik~ H> (MnO,) 69mgMn/m’% 1 H 3§, 1~ 4 HFEIRE
L7~ U AT RICRT 2 BEYER - BTz,
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(Al #)

b. Bi4HEM
NIZHT DB PERNEIC BT 2 W 13k EtE, MR BEMEICE T2 b O AEoTN D,
PRRR ML, EIREREIC L D =% Y UL O~ o T R EN O RIRERYIREIC LS
FRRRATEN FAOREREIR T % C. WEEMIREE . BREEIREE M O QIRER TR W T4 OB HRE S
TV, FERER~DORENL, WEEMREIZB N TALNTWD,
B ERRTIX, FA~OR AR TIEHRER DRI BV TRV FERER~O )
HHNTEY, 7y BEORY B FTIIREREGR~OENREI N TS,

@ MEEN
B 9 b, MRREIEICET 2 EERMEEZRIICE LD, ZNOOHMAOMEIILLT
DEBYTHS,

< AT BHET—E2>

~ AR (ERCEMERE) (oW

AT EA L, WBEIRIRERIC L T U U RERIES YD, v U U EIE
DIERITS—F 2 R EEEIL TO D03, JERICHIES DR S 0 | FHEFNICATHL RS,
IR (AT ORI & LT, 47,1445 12725 2 ~22 mg/mP Dk ABREE T
X~ W U RBROIERNBIE SN2 (Racette 2001 ; HAPEREfA RS 2008) | (i V%)
T0.13~0.30 mgim*DIESES TEWV TV T TlE, =% v Y Ui gt EER S D REE
DFAERTIHIML THRNEW S |ENRDH D (Foredd 2006) .

MRRATEYF - AR PR A B (IR PENRER)

- B O (Bouchard® 2005, 2008 ; Bowler & 2007 ; Chia®> 1993, 1995 ; Gibbs® 1999 ; Iregren
1990 ; Lucchini & 1995, 1997, 1999 ; Mergler5 1994 ; Park > 2006b. 2009 ; Roels® 1987,
1992, 1999 ; Wennberg® 1991) # £ L H 5L, w2 W RE L LTHI7~1,590 ng/m>DIEE
THERRBIFT AAGRD H AR DD | MRATEI PRI A 22 12 K o TR S 2 AT B 1Y
FERE~D S (W FHESE), 022 ENE (hand steadiness, tremor) . LZh o %2 & (postural sway) .
FIRLE NS O TOHMBRR M OIERES) NAELN TS, 7B, b OELIZFMIC
KIE L., @E Ol R~ B IREIIK L TR TH L Z 2R T A EL T
%, F£72. RodsH (1992) & Gibbsh (1999) OF — 4 » 6 RFEHBRBERENFR L TH, WIEET
FHHIFREE O N B L TROTWE B X LTz, &b IKIRE THEATEN FRIRRE ~ DR BN
FHIVIEAGEI, BagEE T 057 8# 2 A4 & L7-Lucchini > (1999) O H D TH 5,
FEHOIT, ~ W ORGSR TILE1E, BAERERIE (CE) 258 LA (totd
dust) T1,113 pg/m®- 4 FERIMEAE T96.7 pg/m®) T, #hATEIAAOMRERS S (B[ B
TR (symbol digit) . #%"E (digitspan) . 7 1 VA —X v B T EORERBOKT) A
bbb e LT,

- TCEMEIRER 1T X Do bHUBURIRIR I, BIRIFT RO bR DD, MR ~DOREL L
THBATEIZAORA S TR SN AR TEIZIMRE~ DB TH 5, TN HIZ OV TOHE
DB, EFEEFERI S O FE &I SIL TV 2 ML, Roesh (1992) (WHORKJH, U.S.EPA
DIRIS, U.SDHHSE TERH) K OLucchini > (1999) (1 Z1&#4 TERA) TH D,
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(Al #)

BB O OURFRIZ K 58 GEMEEMERIE) I2oWT
A BV TOT LT IRT, S THBKD~ v B o~ & TN 2 k5 Hitg o /<
— % Y IRERIER OB I & OBE A 38T L7228 (Lucchini & 2007) C., xiguthilk T <
— Y RERIES ORI EER AR OME LY biE < BRES LG0T O #ikl T
X, BRENRSISICEVEAICH T EME SN TS, o, —RTTRIZOWT, EEND
DHHLHBHH AT AR RO~ W ~DBRBEORBLTRT 0 F ¥ OESLTE
(Finkelstein& Jerrett 2007) Ti, WIS E B ONDBRER O~ U T RE L X—F Y
V¥ (PD) oWl (B, NIV hrfior—4) LoEEEZREL WD, Lol
235, Lucchini & (2007) OFETlE, ~ v H o ~DIEBIEENE o T- L HEE SN DB ED
BRIENAHITH Y | Finkelstein& Jerrett (2007) Tl FAEXIGFIZONTO~ I ~DOIkE
BT OHERPHEOLNTE LT, MEOBRBERENHER OO LR LW REERS D E, 7
BERREIZONWT, v W ~DORERE, WEEEE, JUKFEORORH TO~ I AR
DERPFHNTE LT, 2 HIC KD EDR G STV RWEDRR G FEIET 5, Z DA,
B~ 4 8 TR OFERORE TIlE, M~ U REMNT.S ng/LEOF R THigEe
~OEENL LN L OHE (Meadlerh 1999) LN TNDN, KKHF DO~ T REIC
DWNTIEHRE STV,

%O REEIC L D (hNEAEET)
cEHEOY Uy (4 CRIBEEL g ARHERLZAT, 97 RIS S—F Y 9
FROFER DA DTz & O (Holzgraefets 1986) &5, £7=. miREO~H o2&t
FKZEH L, #ATENIRR R BN - & OWMENH DA (Kawamurad 1941 ; Kondakis
5 1989) . INHICOWVWTITIREEDOHEN A+ L SN TND, I, HFF/KDIREN0.3
~2.16 mg/L DA T FHES) (fine motor coordinate) DA TEEEN L H LTV
(Vieregge® 1995) ,
N ERIRE L, BBIKR D~ o T PR L AR R DREE & OB A i 7o O e
RENTVD, Woolf (2002) OFEFIFIGE T, BRoMAp, RPFLXOEEZF O~ H R
JERIERE L TR 3 ~105 L GRETH Y . MRATEIFHIREDOIRA 2 7R3 H b7,
EEDIL, ZORENLT L~ T ~DORERICERT 56 D0 E 9 DITH B2 TRV,
v HDOFMEEEETHHLOLE LTS, Menezes-Filhon (2009) 1%, THto~> o ~D
WRE (ACEIKIRH 72 &) &R DB BE T 5 1977~20074 & TIZAFE S 7= 1288 (Woolf
5 (2002) #&ETe) L bBa—L, v T ~OReE L FEES, HRITEIFRMRAEDOK A =
T EOMIZEENA LN E LTWD, £io, 126580 5 B, 9WFEDEERIIE TH D . #Elr
fFFE T, 2R — MFZEL LR THBIZ O WD COFRLOREREEMENZ & o T D7
W2 ERHIIOWISE CIISHER T OFER AR+ Th L Z L2 L oo b ABIKREH D
5 a2 o T2 Bl DR 2 & T KRSy OBFZE TSR BTG, A, PERISE O 2SN 1 & 5584
DRBPIRENTND L LTWD, SHIT, lEOHFETIE, Khan® (2011) 728, FHFKHO
U URE EREOFEEE BENOITE) L OBEARAE L, HFAKPO e RRE, M
B REBLOZBE /K YEE DOAZAE IR F 2 08 U CTat L2, mE ORI BHEMD - b iz &t
HLTWD, F7z, Bouchard® (2011) (X, AHERF (REBLOZEKYE, HHFTAE) 2 90%
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(Al #)

L2 BE T )V CNT LToRER, BB O~ o 17 AR EUE L 1Q & DRI i B M AS 2
bl & A LTV 5,

<FMERICEAT LT 5>
- R ABRFEFEBRIC BN T, HZ1l mg MM E TOREET 9 & H R L 7= E5 Tk, #fR

~DEET BT (Ulichs 1979ab) . 1.5mg Mn/m*E TOJE TO0H fWk A & 7= £ T
&, BEIRFT RT3 720 » 7= (Dorman® 2006a) ., 7 » bk Tld, 0.03~ 3mgMn/m*DjfE ¢
13AMESE U7 R C, MiRAEFE T A —F ~DORE MR ~DRE (Ao, %
W DAL R) DAL LT 58ENHH—FT (Tapinh 2006 ; Fiitlg~ > (1) ) |
RN DN DN oTo LT 585 S H o7z (Normandin® 2002; U Uik~ 97 )

- RO ERBRTIX, Y1225 mg Mn/kglday & 18 H 4% 5- L 7= #6558, B /1. FREOREESS
M CTRED =2 —nm U8 @75)«7%%%719:0)%[1% (Gupta% 1980) . #fi7 v RiZ150 mg
Mn/kg/day % 44 H i # 5- L7 fE R, — 1B TiEd 2 B AL ESTEHEDORBEN L LIV & OHE

(Kristensson® 1986) 238 5,

9 EMEM (@SN ICEATIHE
AICBd5T—4
IUAHURE

U.SDHHS (2000) (2 XiUE, ~ o A 3t mtEa £ D R Z20%EE 1 X - THEATIHEOMRER 2
RIIEGEREZ RBIE ST D, TOEROREO—DIL, N—F oV UREFALLTWLHZ ETHY, +
VHVHEE IR=F VR R [ BT E S TRIE LT R—F VUi ERESZ ERB D,
LovL, v A hEEEICA LN IKEEME (hypokinesa) & RHEkIE, S—F> YV U REBEHEOZN
Sl D, RHEEMICL, v R E N U Y UIRII R S TEBY . v B R EO RS
—F Y PRI TR D IREBNIER - TR Y | EITHEEER - B - #5850 S BICITRE £ TR
MBS, N=F Y AJFTIIRE L OROH LEMIRESNTND, S HIC—=F Y TR
BEICVE—/MERIZEAEFIZREEIND N, v~ TP ETIEEDO LS R LiTEY, v~ T
HEERE T, ERRIEIETE (MRI) THREER~O~ U T ER-RRLNDLB, =%V U
TIEZ 5 TR,

AR 112, Feldman (1998) (2L~ Hodame =% Y VIROFE Ot 2R LTz,

Wolters® (1989) & UKimS (1998) (I LiviE, ARYhmrx=Ivvay NEZ T 7 40— (PET)
ZHNT 7 A r F—3 (FDOPA) OHLY A%z 3l L 72 ai, ~ > U g T IER ThH 275,
IN—=F YV RBEIIRE CTh o T,

A ARPEEAAE TS (2008) D&V ELEDICIIUL, v~ TR FEOERITRO LB TH D,

~ AR EORERIL, BRI D (T O AR 47, 1445H]) W AREE (R
LTI, 2~22mgim® (2,000~22,000 pg/m®) O~ HUBUA) TBEZEXNS (Racette’ 2001 ;
A APESEM A 2008)
V/ﬁ/¢ﬂ®@%@ﬁhm\iﬁ%?#%i%@éﬁ@%%@\W@Ew@E&wLme-@

LEEVVE U (stiffness) | BEANIR, SR, MFRVE., SRIBRME, R EThDH, 2o OEEIX
UIZUIEE, ) - 2D 3R UART ) MEBBOR A S, £ HITNA T, FRHIILRDGAEITIE,
HEMHNG, BET 2D LB H 2 WITEERN 2 TECE B O R L E, AR RREITEIN S 2
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(Al #)

bbb D,

Y A PEOROEFHIOREIR & LT, MEERIZ 1T 2 R R ZERD B> K 91272 %, f
Z X, B WA CTHAZ LoD 7, BIE OGRS, B TREHE 5 2K OB & 4T,
FHNWRER 72 EN B HIND K DI D,

S HITHIRDETT 5 & BB RBATIC KL o TRMTAREEC /2 5, Z OB TIX cock walk" &’
o BITREORARIE (WEo72 K 510) 2FENibizzy, OULEIMTFCHEREETE-TLEZbLOT
D, idmBEET, BEHOEE M WVRER A o THTL 5, FRZIX, v~ vy - =w=7

(manganese mania) . ~ > A kR (manganese psychosis) & FRIEAL 2 RIS | B iKY 72205 ]
WZhbbid, ZNHOERITIFEAEREBLRNEEZZ NN, BEOHIETRIET 5 EHH—
HHERH D,

Fryzek > (2005) (X, 7 v ~—7 O&RidEsE (79th) OB ## 27,8304 & %f5 L LT, /3—F
VY P B TSRS MRS K D FEEIC OV T, 1977~20024 % TO# M & 2 — Mgt A Ik L
o DAEASORBIEIY ROYWESEFIERIC LV, 27,8304 D 5 6, 98174 N EHETM T, v~ %
GUREE 2 —MIBE LT REERH D L S, TD98L7TAIC DWW T, IRHEIEEICHID THREFR L
ToRil), WEEEOTEEE (B, 27 U AHH) | MEEEGOWKEEE O MR, /INEE T OO,
BRI BT A (EMEE) 21TV, 81904 S IEIE 24537 (6,163% MNiA#E T, 20274 14 R
T) . BHEHEHFICBTL/3—F 0V U RKOZ OB R (ICD-10128 TG20~25) K~ v
HEROBAEZ, T o~ —727 OEE S (Danish National Register of Patients) 7> 5 5% 7= ¥[8l D ARt & 72
TISRIRIC Lo THREE Lo, BIRBIZOWT, BWIEEICRK T 2 8E#ET v ~—27 DREANR
(ZH 1T D FEAE IR HIEUE(L PR FBBIARE 3 Lt Standardized disease-specific hospitalization rate ratio (SHR)
(IR OIS & WIFFEO ) 23R LR, /S—F 0 Y VIR OSHRE 5% X ML, &8s
KD BT HE IR T09 (95%Cl : 0.7~1.2) | EWHR D FHMI7##E T1.0 (95%Cl : 0.7~15) | &
$ET.C09 (95%CI : 0.4~15) . &8 T.T0.9 (95%CI : 0.4~1.8) TH VY, HELRBIMNI -7, £
7o, BTN —T I TORIEFRDEL R o To, MMOMBHHARZEME DR (FeatE/ S—F% o Ve
B, DA =T IZOWTIIRAEN D2 IFHEZEZ 5 6 DR o7z, /A—F Y RIS
BIL T, R, R ORAER, T, WHEAERICEE L, MEEEOREDEWNI LD
SHRO A EeNEZe <. BUFEE C~ o HohEflbhholz, B, v W U HE~DORERE
G SR TR,

Fored® (2006) (X, AV = —F LV OIRBETROH AR TIZHONT, v~ H Atk b =% v
Jii 2 B e BB RZ S O RRAEAR DA MEREE K ONEBFEE D U A 7 A T2 72018 2k — MR ZAT
o7z, 19604 K DNMO704E D [EBAFH A (Swedish National Census Register) OfE RN D, WEET, H AY)
7 T.0> 53 11:49,4884% Je O HREE & U CHEMG, JEEHIR, BB KT~y F o 7/ SET-AHMELEDS
P:489,5724 Z filiH L. 19644F-7)> 5 20034 D[] D APriek, FE L FLERSE D b FL R K ONE B O [ 5
(ICD-10CG20~26) DIEAL A BIRRA L7z, G20~26D%ER (105 NEX) 1X, BT RO A
lr L T28.1, XL T31.2TH V| i 2= (adjusted rate ratio, aRR) 130.91 (95%Cl : 0.81~1.01)
T, MERELFRRE Ch -T2, S—F 2 VW (G20) OFAEFR (1085 NEX) 1X, IEET RO A
Yk T.7C24.6, XL T27.8TH 1 . aRRIT0.89 (95%Cl : 0.79~0.99) | et/ S — > vV LEMERE (G21)
OFAZR (107 NEXRD 13X, T RO AGIWT.¢3.1, ®REET25THY | aRRIF1.19 (95%Cl :
0.85~1.65) Th o7z, TOMODERH TIL, WEHKOEME (G23) . YA =7 (G24) . HEARINFEE
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(Al #)

FROEHEE (G25) IZOWTH, BEROABEREIMITALNRN->T- (aBRRIE, £ £ 10.77,
142, 0.95) , 72k, v H UHBIERNIR Do T2, /N—F Y UIRICOWTIE, Fn, BB IR,
SRR, HE LV E R B L TRAERERATZN, aRROGELREIMNIA LN ehoTz, SHIT
%&W«@% OREEN L0 EWEINAE TIZOWTOT — X5, /S—F 2V U & B 5 0]

REMED B 5 FESEA~DIRTE DO b 5 JEEWEFH ZBR\ =T — Z e BT h, R K ONES) OREE
A—#///r®)x7®ﬁMiﬁ#otoﬁk BIRT — 7 WHRORA XN T AR IR T 5
1974~ 1975E D~ > 7 PR EE LT, 021 T130~300 pg/m®, i KA 13770~1,800 pg/m> Tdh - 7=,

Park & (2006a) 1, #&[E D 2 1100 B 571875 24,9634 | xtHREE L L CH Bk 51457 1875 13,597
KRG L LT, 1992~2003F % TIlo/8—F Y 95 (PD) ZRJE LT #E IOV T, = o~
DR & ORIE A <72, PDIIEE ORMRITIE, ABL - SORBFE OFek, E R D AR

T =A== 2%, ICD-100G20~G26IZi% 4T 2 BE A L, SHICHLTH# L E2— LTzl
DY) S R LT, (EELO~ //;i%f”“r & L LTI, 1996 AT 7T —CTHRIRLZ
DxE Wz, FAEORER., PDORIEL T, MEH T6 4., XIBBETIATHY . BAERIIZNTN236
(mﬁAEﬁLz&MmﬁAﬁﬂ??%otoV/w/m@%§%EMg%%ﬁ%f%mﬁw%m@ﬁ
(#iPH10~7,530 pg/m®) . GIHI, WFEE, 7 ¢ v T 1 v 772 EOVEE TR 100 pg/m®  (#iPH10~
950 pg/m®) | FOMDOIEETND~10 pg/m’OFPH T~ 7=, PDRIEL ~ o H o OURFERAE ., i &
O B3 % Cox[BlJR AT U 7256 5. PDISIE IX4FH# & OBTEME N i b < (FERHERE (RR) 1.136, 95%
Cl : 1.057~1.221) . ~ > WU L OFEMEIIE -T2, ~ 2 0 REITEIF LIZRROBEIN G 725
ST, BB (FEE¥E) ORRIZ1961 (95%CI : 0.307~12512) | (KIRZER: (ZOMOEE) ©
RRI$3.647 (95%Cl : 0.717~18561) Tk ~7-,

AFE1 TUAVEBEICLEBRIUHURBEL - Y UEDORLE

e IA B < IR—% 2 VR
FEIE A fn H 5 D H SEH) 50 R LL b
FEIE M, Atk B IR

~ v NREE MBS (PR3, e, U@ | a L
N7 U — AL EE ZEAL miE
FED~ T B K)

R SRR, RESRMIC S & | @EISE T
BIEEN LRV, BERT D, 1ZEA
EDYE, BBEMEIET D LT LA

Uy,
birdihe ATREMEITAR Y, T IR AR
LR, BIEIRE
17 B R DA =T BURLEAE TRV, ARG | AR G SR A
By (NT b=—), EEET
AT BAER, KME, YA F=T (O FeS | EEEE, O30 BT
5 (cockwalk) )
BEE T S PEARIRIESR . REKNPE PEREIER T ., RRAEE IR
®ﬁ%f
~ 2 PR EWEF A FL— MORTER | @EIZIERF AT

il ; Feldman (1998) L 0 #iF - B
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(Al #)

AET1 IUAVEBEICEEZIUVAVREE/NA—F Y URORLE #HE)

Ll IE A ~ U H R IN—F Y IR

TR L-dopa {69 CRIRIE, Z LD~ | #7513 L-dopa {BiE R B 4T

R ELAT R WREER, PURTEE, #ok., BIREE, B | WEL PR s BRI BE, HHEE, *K
B, MK, M. BURICHE ; e —/h | EMROER ; LB —/ MR E
wTEN

MRI AT i FEEMZ LV TL RS CHRERR | SR SITIER 2O/, waEsk, BE
2 7T VIREE DA, BRI TR | MRS, OREE. B TR

PET Ft i BERO 7 VA v R—ROR Y AT | MEERD 7 VA4 v R— RO R0 ARIL
EW, 7t aste s a—2o | #Hid
Y AT

il : Feldman (1998) L 0§ - B

MRTHE - AR OEZFMNTTE BERMEERSR)

Iregren (1990) (X, AV = —7F D 2 OOFHFYRIETIHIC 1 ~3FEMTHTEHE L, v U Tk
# L= B @# 304 CPREMERA6.45%) KO, HUllk, BFEC~ v F o 7 L7kt HREE604: DAk
ITEV AR 2 T2 o 7o, £ OFER, J78)F Tl HilS R (smple reaction test) . #7 (digit span) .
T A TR B T ORERENEIRIE TS o122, ~ 2 H o ~ORERAEL & it o il & o B
RSN oT-, BB, 6D THOERIT~ISEDK T~ o 1320 png/m®~1,400 pg/m®
OFPH CF250 pg/m®, H8AE140 pg/m®) ThH o 72,

Wennberg® (1991) 1., 2 S DOFHEHATIC 1 ~ASERENG L~ o g L= B9 #h# 304
CPHERRA6.45%) ZWRBEREE L, FEBRATICUTEE LR (S 805 L7 5@ 0 D4R, 7B O AT
~yF U7 L6004 A RHIREEL LT, MEMRA, MRITEIFIMRESE AT/ o 7o, T ORE, BB
T, AEET RS Tb OO, RRHKEEGHESHE O T, 55BN P00 RFOIE £ 237 5
Nz, £z, 740 T—=F v 7 %8 (digit span) DORENA B - 72, BIHRE, ks
FRAEICOWVWTIL, BB SR CHEEI RN -T2, BB, 2EHFTNO~ U T URE (BT
Ao (total dust) ) DT %180 pg/m>, 410 pgm®>TH V| EITI7~18FE TE{IZ R0 > T,

Roels & (1987) 1%, ~ > W okt (Zigfb~ o Ty, Wk =~ ), w0 (BRI,
IREEHE, fHEEYE) OBLE THICB W T, B\~ o T ALEHOR U AN 1TAERLL EIRE SN Bty
B 14140 CEAF 34.3 %) M OYESRFEIRINE T~ v I 7 STk IREE 104 40 CEE4FHn 38.4
W) e LM 2 i L-, KT o~ W UBEE R U A (total dust)) 1B B8
T 70~8,610 pg/m® (27— % O P HAE 970 pg/m>, AT 940 pg/m®) TV | BRFEREOBEFZ WX
1~194 (¥ 714E) Thote, 2720, B CAREOME ICBET 2dlii Ry, ~ v H VIR
KD BE NS 27201, EMEIZ L 27%E (B CRIZR) . MR, ITEI AR RE M (H
M SEH] (simplereactiontime) . ALRFFECIE ), WhalES), FOZEME (hand steadiness) ), 1L &
ORI DM T, ZORKE, BRE T, BRERE LT, 57, HEY, FHHEOE X (trembling
fingers) . I A IREERE CHEICZ 0 o 7o, MRATEN FROMSREM A C i, RS CHMBUSIFM OIEE |
HAREE O L EM K O ERRE OEHEE N OREOAERETARD b, R, HIFES &
WFEOLREMEOGE T~ T OmFiEE (<10, 10~15, > 15 pg/L) ICHEERFEEZ R L, SE0E
HOFIFIE OB~ o T ~DREFE (< 3. 3~9, > 94) LEERA LN,
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(Al #)

Roels & (1992) (%, 7 /v U iz T45 C fgfb~ o 0 8 U AR S -7 924 (K
M 313 %, PHNREEMIM 5.34F) &, BMLTIS L F UHBKICH 0 . SRR, B SHE O
LLL7=AR U = — L L5058 5 DR C~ v T2 7 ST A ISR IREE 101 44 CE¥)4n 29.3 7%)
ARG L LT, MR LB, MR TEN PR, AR A, FEREER OFA, MR - 41k
PR (MEHR OB A 8k, BB bALEY (LH) . JIfRsiigALE Y (FSH), 7 rJo 7 F
DOWE) FEFM LTz, BEILIGO~ T OKRPREZEAY 77 —IC X0 flE LR, |A
PR U A (respirable dust) A3N8&(i 1) 215 pugim® (#GPH 21~1,317 ug/m®) . #K U A (totd dust) 73%%
{745 948 ug/m® (#iPH 46~10,840 pg/m°) Tho7z, £z, M~ H U RE (MnB) O FHE
1%, SHHREED 6.8 g/l (#iPH 2.5~13.1 pg/L) (ZEE~, BRFERECIE 8.1 ng/L (#iH 2.1~21 pg/L) & AEI
%<Qmommvﬁ¢vyﬁyﬁﬁmmw@&m¥ﬂﬁiJﬂ%ﬂDmmw@uﬂﬁﬁOMﬁﬂwmm
cre) (T, BREERECIX 0.84 pug/g cre (#PH 0.15~7.33 pglgcre) EHEICE -7 (p <0.001), 1
NDOVEEE (TEHENE & IEFFH) 2558 U7 BARIRE & OHEE L WAMER U A TR 793 ug
Mn/m®- 4 (#H 40~4,433 pg Mn/m®-4E) | #8K) U A TH/ Y 3,503 pg Mn/m®4F (#ilH 191~27,465
Hg MM+ 4E) Th o7, Hx DF—ZIZBWTIE, MnU & MnB (ZBREEHIRT . AL DK R K OV
FERERHEEMEO VTN E b A ERBEII R - 1208, IREN AT EORBRE ST Z—7
2T T, IN—TR=ATHDHE, MU GR(TFEE) EBfED %A@%Lh&@@%uh@%¢%
G EoBICEERBRAA LN (r=083, p<0.05), BBEEMETIE, MEITEIZMAE DR
RS, BhiiER), Fo% @(mmaaMaﬁmmm#ﬁ%ﬁ;D§ﬁ< T OBREICE
2 BEAEORAERITRER THRICE . MnB KO MnU O REEREE RHEEEICRE L TE< 2o
Too Fio, WRBICHE, WiRiES), FOREHORERFEORAER L KT O~ B > O RTEIRE
BT E ORRER VAT ¢ v 7 BROH LTEERTIE, FOREMEIZOWTA v Xt f &7
INZEFRD ., 5 %D HFEFAFITKHRT 2 RIERGE EOHEEM (95%CI @ ER) 1, ¥ LA T 3575
ng/m®-4E, WAMER U AT 730 pgim* £ Th o 72, 7ok, Th b 3HAE O & 4l & ORI BT
o T, MR ERIR B OIEA R R R RIC OV TIL, BB L B CH BRI R 5T,
F 7o, MK - EALFREORER, Fx DT A — X (FBEFERE L O FREE CIEFMEOFENIZH - 7208,
BREERE CIIARMLEREOANE 7 m B R, MG OERDIREEDMRVWMEANC B > 72,

Roels® (1999) %, Roelsh (1992) THFZEkIG L L7c 7 v U v T80 57 8)# 924 (1987412
AT FEME) A 1988~19954F- F TiEMF L, b~ > T ~DUREPNREIZHD £ I3RS oo
723 AT WIHER Td 2 RATE A R e BRER E D r[ETH D00 8 ) IOV TIE L7z, Fiz,
Roelsh (1992) DOXfHRRED 9 B3 ITONT H, 19974 IR TEN £ IR 2 F20E L 7=, AFZEXT5
FHBE IR, AR, BENC X o CHEK THE CICR8 06344 10 Lz, 2 b0y (g
L) TIE, RS L) 12X - TIRE L~V B2 0 K, P SRERSE OB/ 5 & 1987
FEORK CA (totd dust) DT FHITZ 219400, 600, 2,000 ug/m*Tdh v, 19924FLUKEIZ~ >
T PREMET L2 D, 1995EITITZ N ENAI130, 181, 744 pg/m> Th o7z, K, . g
WREERE(C 35 1T £ 1987~ 19954 £ T O WMhFMIEEI D AHT I, K, T, SR EREREONRI A AME > 72,
FREE DIRTRIRE ORIV HEE O =N A S, KIBERIC OV TIIRERK TR E TIZIE
ORHRREEDRR & FIFREE) Lilgodz, Pl EREBEEHEICOW TR, ZERALNIZHDD, ﬁ%ﬁ
®ﬁﬁi0%ﬁ#otoit FoOLEM (hand steadiness) 55 SO REH D BAE DRRFEZELIZ DU

X, BEBEHERERTAHD L B LB E0F BRI R o 720, . SRERERFIC OV

_32_




(Al #)

TIEHTOREMEIZMCT L, @EERERIC OV TR, BEREOREWVHIF (1987~19924) 28\ T
R POGHE OIERE N I ST, BREERED 5 1 1988~ 19924F |2 B @ 72 X2 L » T &0 H oML,
~ 2 H L ~OURFE W LT 5882444 120\ T, 19964 IR TEN 2RO 2 520 L 7= 5. 1
HEIHZ DUV TIE2440 12040 DR RTRRE L 0 IR o 7c b DD, 9 H 164 TIHRE L 1T TVl
MEY BEGENSGE L T e, FOLREME, HREIGKRIZOW TR, BRI D AR, 1§
T % b AR O UGER A DD o T,

Crump & Rousseau (1999) (%, Roelsh (1987, 1992) 2MfFZextge s Uiz~ B UL K OE O
DEGE TGO T EF T T, 1985~19964 D#], E MR MFATEN AR E X O, JRf~ 7
VIRFEEOFE A FNE LT, AL, Rodsh (1987) DA XIRE 1404 O H H 1144 % 510213
4 Thole, BEUFHIOME, ~ ool & Fo%LEr: (hand steadiness) X O RsfE D
FAE VA 7R BEME AR Hav, ~ VA v DRI & i E) & ORI b A E (7272 Lmarginaly)
7RBENGRY DT, FREMRE. WRES)., FOREMOREIX, FMITKT LAEREKT LR
iz, F£7-. Roesh (1987) MHHRITENFENIMRA 2 266 L 72 5 @8 (2 oW\ CL R 722 sl D 21k
N LIRS, WiiiES) (19914FE £ TOT—HT) | FOLREEOKE CHERIK T ZRDIM,
FEIR PO D HBLE TIdER L T\ o 7z,

Chia & (1993) %, YV HR—ND 2 DD~ v H At T CREEOIEEDT##E 17 4 (FF
lih 36.6212.2 %) & . 4FElin, HEEKE ~ v T SRR RO VERRSEOIERE1T 5 FEEERM O/
B, Flp 3578121 5%) EARE LT, MRATEIFROMA L EiE L7z, SEEEOEED T BE T
74 (1~14) FO~ U T ~OFEBERZFED, M~ 2 0 JREIX &M T 25.3 ug/ll (i 15~
92.5ug/L) | LI H OO FE I XA T35 C 4.5 pg/l (§iPH 2.0~32.8 pg/L) . R IR EE 1T 8- C 6.1 pg/L

(#iPH 1.7~179pglL) Th o7, 2 THOKEEOIEELOKT IR, 1985 4-LLATIZIE ACGIH DI
[ RS E TLV-TWA Th 5 5mgm® (1991 4E2415) A 2 % & Eigds & & - 7-7%, 1981
~1991 4EDFH) T 1.59 mg/m® (95%ClI : 1.19~1.99 mg/m®) Th -7, HHREEIT~ o W o ~DgiE
JEIZ 2 < M~ oo PR IR S 23.3 pg/l (#BH 17.3~30.1 pg/L) | IfLIE OB (XA Y
T39pg/L (HiPH 1.5~6.4 pg/ll) . JRHPIREITEMEE T 39 pg/l (FiPH 0.7~9.6 pg/lL) Th o7z, #
FERIZBE T 5 37 DFERD 9 6 20 FERDSREERE CEBE ICHE SN2, AEICEHE ThH-7-D
EARREZTFICEE L7 DO Thofz, EFRMRRE REMROMRE, EERREEE ISV T,
WREEHE & KT & THEZAITRD bR oo hy MRATEIFAIMA CI, IRFEERE T Santa Ana 7 A
N OERIEFR), 740 H—F v BT RS NT A N HFE-KEREEA T A (symbol digit) .
HGERE & 7 A B (pursult aming test), fL5EAYER A (trail making test) DREAED A B IR T LTz,
LI L7eN B, 2V OMBATENI AR A RGE & i, Mg &L ORP~ > T RE & ORIV T
HHEETRNroT,

Chiab (1995) %, 19934EIT, LU HR—ILD 25D~ v H AWM THIZB T, ~
OO ENEEIC TR B U, PR OSRARR B R ISR B D 72\ ) 77 B # 32
& L5 HRRES34 (RS # . AFFEATOHATESE) 122\ T, BB O R EM (posturd sway) % HLE)
et (static posturography) % HVNTEH~7z, J78E O~ o B o ~ORZIIT V6.6 (HiFHL1FE
~157%) Th, FEFRFORP~ T PREIE, F¥)T6.0ug/g cre (#iH0.6~53.3uglgcre) Th o
Too BEAOLFEMD/NT A —51F, HIRKF CIZMBEOR CHEZIT 2o 7chy, PAIRKE CIXE OB
PUBREEEE (L) M OELDEHEOEE (V) ICEBEZRD, WTNO/ST A —2 bR DT
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(Al #)

XHRBEL D b EAEA R E D o7z, Ve, LEOSVEEE (Ao) owr -7 (IR - BARM) 2 1geE
ﬁtﬁ%ﬁfwﬁbtﬁﬁfi WTHILDNRT A—=RZONTHHEENA LIV, BB CIXESEO
EMERINZ EAVR ST, FEOIL. ZORBIIRMEIEE: REER) ICxT 2~ T o
ruﬂa“é%@k%‘xto PR~ T PR LRI, BROREEDNRT A= L OMIZIZFE
RBEEIIA LN o T, ek, 2 THOMAEESIZIBW T, 1980FERFTFEOK T~ o U IR
ACGIHOTLV-TWA (19914F) @ 5 mg/m* % i# 2 TN = A8, 19814 7> & 19914E D B 13:1.59 mg/m? (95%
Cl : 1.19~1.99mg/m®) T -7=,

wmm%(w%)i 7Iu-vyﬁy&QVU:-vyﬁyééi%w%@%m%(i#@464
. HEFEILO0LL8F, Hullk TOEMESSL1E) &, xR & L TAe 35057 @#E &[5 —Hikic
1’£77<\ T COMRREMIC X DB 72 <. T, B FEL, By I,%: FHOK T v F T E
W7-74% (FRA3.245.650% . ZEFE510.9:2.04, Hidk T JREREI3EL3FE) Zxtgl LT, v~ A
ORI LR~ O BHEE L ORSEMEIC O W TOREEZER L7, ~ > T A& THO5@E
D~ VT ~OBEFEFEHIT Y TI6.7H (PREL7.74E) Thotlz, ~ v A& THics T~ 0
YOS (BB U A (tota dust) ) 1%, SRERIMTE I T14~11,480 pg/m® (S&fi 745 T889 pg/m®)
THY ., WA UA (respirabledust) 11 ~1,273 pg/m® G T35 pg/m®) Tho7-, M~
PR, BB CRITEY112 pg/l (ST 103 ug/ll, Ui 10.7 pg/L) | kFIREECHEANE
KJ7.2pg/l (568 pg/l, HRE7.1ugll) THH | W THEENREO bz (p<0.001D) , JR
W U T PR, MREERE CRANT 107 glgere (R < pglgere) GRS 0.73glgcere (BZ 5 <
ug/g cre) ) . XFHREECHEIN 1,05 g/g cre (R 5 < pg/g cre)  ($&(m° ¥ 0.62 g/g cre (3% & < pgl/g cre) )
. BEEE o, BBEHTIX, BRIER (EHERE) | ALERBEORE, EihkE (FR
U@J%\ FOZEM (hand steadiness and tremor) %) | &K OFREN ) Je O T BB 23 6 BABE IS L~ TFF
BUE D o 723, FpIkRE (SRE0 s & AR, M), HEET) IZ oW TEERA L)
STe B, R~ B PR OEALL, FEE T glgoere’ Th o728, b A REE (2010) TiX glg
eI L XA T IARELTEY, £F T ug/g cre” OB TEILL TS, Z I TIEL, 2R
BOERTBIHE- T2,

Lucchini & (1995) 1%, ~ ¥ H U/ ZHEEE S Vo Bkl T80 7% 584 (CEXFE39.65%) % xt
BL LT, RAERNC 1 ~48H R, BRHIMICIEREZ Ik S THRITEN M E 2 F20 L7, HE#F I
~ A OIEEE 1 ~28FM CEHLIER) 2T T, REROEITIOFEORERE T, BB CA
(B2 DB ORMIE)) T700~1,590 pug/m7» 527~270 pg/m i LTz, 97f# 5844 134k
EGZ LD~ W OEFEOREIS U T, K, . SRERIC SN, SHOER, v
~OWEBER, HEEN, B, WESE, 7 a— VBEIIRBRE Ch - 71-, &5 0 Bk
FRFEHE (CEl : {EER O AMER U A (respirabledust) DFEE (FE-H)) ITIERFERE T LZH D) X
1 ~2,130 pg/m*- EDHIFA Th » 7=, CEl& ML, RO~ H U, mdh~ o F B L R~
TR L ORNZIZENENA B RARBERER A A BTz, MR TEI R O R 2 IR SRR & g
BRRECHET 5 & fFflEmRAE (additions) | #F-XEESEST T A (symbol digit) . 7 ¢ > H—
2y s HE (digit span) TEBEHEOMEPAEIE» 72, ZNOOREDMGE GEEIO
FRAE CRREE) 1R~ o RE L b ERMAEBRN A DT, Elo, R~ o R LR
PR, CEl & TS T RA & ORI b A B RMBABRN bz, S BT, H7BHFOREE
FERO, HEICE D ~ o RO 2 B8 LT, M R ORR~ > 7 REE, CEl & #RAT
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B PROMRA DO RGE & OBIEZ T L7223, 26 OMIZIIFEERA LN T,

Lucchini & (1997) (X, ¥ > H o ~DIREFRIZ L HRREFE O HEE L BT 572012, Akl
& LY T~ v B R I NR TR S VT T8 0 D 35 40 & IR A dhE U BT SE & 1T o 7o, IREBRED
EHRIE 39.448.4 %, PRFEAEHUL 145277 (5~29) ETH Y, SREHIRFNED H D02 WE
BREE N2 <L IO T OO N T T~ v F S BERBEEO SR 37 4 (i 43.247.3
%) Tholo, EEGREROK T~ T RE (BB A (tota dust)) 1%, (7T 193 pg/m® (4
P 26~750 pgim®) Th o7z, MR ORI~ > T BT, BTN TENTHEM TEEI2 9.84 ug/l

(#iPH 4.6~23.4 ug/L) . 3.04pg/L (#iPH 0.5~23 pug/L) . *HREETEN LM 6.78 pg/L (i pH
48~109ug/lL), 043 ug/ll (&iPH 0.1~ 2pg/L) THV, BEHTHRICE -T2, BEETIE. &9
BYE OIEERRIC SO TR SN RERE R (FEGICBIT 2~ 0 O M AR I &
NEEFHE R LB D) it~ A REORICAHE MHBBLE (=052, p=0.002) 2454,
TEG D~ T PRE L L TlEIMER CA (inhaabledust) £ 0 B AR U A (respirabledust) O
— 2 EHWIEHEEIC, SVHBIRBIS O, RERER L IRP~ U R L OBEITERD b
ot M~ PR &R~ T PR & ORI ITAE R ABBIBIER (r= 047, p=0.0001) 723
BT, FRATEN A (aiming pursuit test) (2D T, H;%E'@ﬁi@EkfaﬁwﬁﬁﬁiJ: D HAKL Ve )
NEOENTZHEDD, AEEITR)-T-, BRREEICOWTH, BERE R CHEEII R o7,
~ U H UBREBRED PR~ T PR L U R & ORI 11%@*%‘5%% (r= —0.31, p=0.06) MNH 5

Nz, M~ H PR &R TEI AR (aiming pursuit test) DpkdE & ORIICH A E M (- =
037, p=0.04) RAHLINTZ, MEMRATIE, BBEHEO DMEREA BB LY S HEEICE L, ZhUdsr
HERE, U BRI LD b o Th o7,

Lucchini & (1999) %, ~ > W v OMREREZ % - 58S T O 753 614 (CEXIF# 42.1 5%)
ZUEEERE L L, WPEOEE - MBI OE 87 44 CEXIFHn 42.6 %) ZxfliE L LT, M TEh
AIRTIIEEER AdiA U T, DREERE & PR & Tl s, 7 —1va—k— - JIAOHE &, W
HE, FEOBIZOWTIFRBRE TH o722, BEFH, KM%, FEETORTICOVWTTAREE
N oT-, RERO RO~ B JREDORMEAIT, BT A (totd dust) T 54.25 ug/m® (i
P 5 ~1,490 pug/m®) . W APER U A (respirable dust) T 17.18 ug/m® (%P 1 ~670 pgm®) Th -7,
BRI CIL, BRIERIZBW T, SRREEL D & Sk, PR O RE T OV TR BB E Do
ToDy, =X Y AEGERED FIREMED B HIEFIT 00y o 7o, BEREO R NDOIEZEEREIZF-S 72 CE
(TEZRIO# K U A (total dust) D¥REEIC/EREFE A F U TR, Lucchini & (1995) & [RERDRHEHF
?72) 12, ST 1,204.87 pg/m® 4, FERREIIN CGRTFE) 1215174 TH Y . CElNCHKSL
ﬁi@@?%iﬁfjﬂ% U EE 13 70.83 pg/m® Th o 7o, BEBERECIE. ML R OURTF O~ o A L EE 7 %R
ﬁii@%ﬁ%‘\_ B CAR O~ PR LR~ T PR L ORNZITIEDOFE (r=0.36,
p = 0.0068) 73§%<%2FL7”:75\ CEl & i, R~ T PR & ORICIZBEIZ 20> T, FRRRATEN Y
s Tld. SPES (additions, digit span). Luria Nebraska #H#ATENZRUMRAS S » T U — D Rl fk 5% ) g 35
BECKIBREL 0 A EITED o 7=, IBFTEREA CEl OFREEITS U T, & CEl B (< 500 pg/m*-4E),
CEl # (500~1,800 pg/m*-4E) . & CEl B (> 1,800 pg/m*+4E) I3 Tt L= 2 A, Zh bRt
M CHRATEIEIMA (BT R (symbol digit) . 25" (digitspan), 7 ¢ > H—&% v &
V) DEFBICHBEEMBO LI, £/2. IROOBREORKE L log CEl & ORICIEDMHBIREHR G
Do, LLRRL, MR ORP~ A R & ARRRATE)N PRI A D AR & O M BEILA &
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Nigmnoiz, FEHE DX, F CEl B2 LOAEL EB X bND 2 &b, FERBREE X, CEl 0%
¥ (k8 U A(total dust) 1,113 pg/m®-4F % W5 401 o0 86 (i P4 1151 45 T L TS B AL7- 96.71 pg/m’
I HELSFTRETHDE L TWNDH,

Gibbs © (1999) X, KE 4 EIE T CEMER~ I ORE Db > T2 978# 754 (B¢
¥B 634, RIkE 124) OBERE, v TV RETRTIEE L Z LoWir@En e, MR
NFE, 4FEfin, fG0k, EREME, EAFERE T~ v F U 7 SEMIBEICOWT, HBEZN Y
I & 2 FA L O TEN RO A 2 520 U 7o, BRERTE X O REE D LX) E I, £ €4 39.68
. 39.69 ik, FHBLEMIMIT 1272 4F, 1244 ETHY | TAI—NRH T = A OFHUE, BEE
B, AREAOMEH, BURORBMEFH RO 5 NDHRIZOWTHEREI R >T, v~V
VL TR CAERICE O TV 725813 63 4 O FHMREEIRE (B FH+SD) 1%, WAMER LA
(respirable dust) T 66+59 pg/m®, ¥k U A (tota dust) T 180+210 pg/m® & B S 7=, FSHHIESER
IEMEAOEE, MHRATEENRE (FOREM (hand seadiness) . HFREB), FRIISRER, 7
A H—=Z B T) OEFEICHOWTIE, BREBEHEL R L THEZETRP o7, LALRNE, #f
PATENERIMA DRI & Fili, ~ > 7 igiE R (GRART 30 H R, 14/, AJED RIEREHE &, B
FEEED) IS OWTHEENF T Lok, o & WaliER), RIRSR-, 7 4 v =2 v B T DR
fEEDOMICHBEZMBENGED B, FEBEWIE EREME T T 2RO bz, L, v
77 W% (respirable dust, total dust) & DEFELITA B AL o 7o, BHEREEREITIZIZFRE TH 2 Rods
5 (1992) DOFEF L AT OFERIT/2 > 72 D%, Roels & D773 TRV BRE IR (1 5.34E) T
bolzZ LITR D EHELTWD, kB, BHEBHEREIL. BEOBEAY 77 —DF — XIS,
12 38A UToARZE 2 & ORI &L X595 OIFEBIEZ W THEESh b D TH D,

Bowler > (2007) X, > 7T v Aap_A 7Y v UV TEET 2 BMHEE 14341250, v~
A Dy T A~ DUREEE & PRI N O RERR AL & OB A4 U7z, THRBRHISRE S hiedo
720 WBETOIERITAB8HE TH Y . A 7V v P TIEET 5 LN EH14.24E/H], XA 7Y v T
V4165 AR, L E LCHBILIZBREA AT 2, 4340955, 268 1TIFMERE | 104 (3o
FH T L LRNCEAE U, (EEEOBRBEEE (KRICHOWTORHEZR L) 13210 pg/m® (FEHE(FE 80
ng/m®) | REEHIEIC K DIRBEIRE OBV BB L CE M L7 RERE R ITT 72,560 pg/m® - A (FE
HERZE 1,200 pg/m®) . ML O F139.6 pg/L (FEHERZE 2.5 ng/ll) T o 7=, EEIRHT OfE H.
~ A OMPREICK LT, FefE (1Q) | RaRE. FATHRE. 1F¥ERCIE. BEI. EED
BREEASAEZBEELZ R L, BEBREEICH L, SEEIQ. FEiLE. B, SENSomt
HEAMFEZBEEZRL, WTFRLEIRREIZADETH > 72, [ K OFEBOBRAE TIE, #1952,
REDEENEEE TH D R 2 B RZE) 21T T TR0, REORDEENRRIN, &
BELToOBARIERICIBW T, Rk, B, 7R, MERFEE, MEEEReE Ao, —F
Y SEGRER A O/ T A =2 IZHET AT, FORE (hand tremor) 723%54% T.0038.6~61.5%,
LEORFENE (postural sway) 7351.4%. EEHERE (B . ) OMA TIE524~97.7% TR T2
B oivlz, Fio, WHEET.088% TR DK TN A LT,

HEE BT NOAEL (A §~ A I DWW TIEIR R TV 72210 23, Lucchini #A(F (2012) (23-3< &, LOAEL
775 NOAEL ZHEE T 5 72 DI AR 10 Z VD Z &id, mAREBEZXLLND,
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Myers® (2003a) 1%, B§7 7 U D 25D~ 2 H U HILDA8I% DIifiE (Bhde. INTAE¥ELE . F5
B%) [ZOWT ORI T, v T CARE, b~ T RE, Fls, HEL~L, T
a— Ui E R, BRI, MR O H D WE ~ORERE, FRE EROBE, MRRRESEET)
FLEOBMEIC K 2, MRATEI AR, EERRER A A EE L7z, 7@ O F1339.3£8.7
k. FLILTOREEFHUTL10.8£5.50:( 1 ~414F), BAFEITDOTZ D~ o U v OUEFERRE (CE¥J+SD) 13k
¥ U A (total dust) T210+£140 pg/m® (0 ~990 pg/m®) | i~ 4 M (F49£SD) 138.5+2.8 pg/L(2.2
~24.1 ug/L), CEl (CF¥J+SD) 132,200+2,200 pg/m>- 4 (0 ~20,800 pg/m*-4E) Th o7z, M~
VIEEICOWTIE, EFEHEO LR TH 5126 pg/la Bz m855135910% Th - 7=, CEIZ 4, #
BEH, BEOIEHOET, WREEOH 2WE~ORE, 7V a— ViEE R, RS CIEL
729 2T, MRATEEIRE O (BT-KEBEAT T, LuriaNebraska?»1R) & DR # A2 A= & =
AL HEFEHRCELE 2D ORAEICITAERBEEITED bnehole, BF-KIEEEM T,
Luria-Nebraska? IRD pifE 1L 4Fln (A OBEME) | BHEFE (EOREN) LEENH Y | Hr-ME
BEAHTIZHOWTIET 7 U B ORERE S ORI CTHADEEN A Lz, ZOFEDRR, ERZEIZX
LA, AR, BRITAOWTNOIREREL OBERALNRNoT-Z D, FEELIX, ~
VT DFE U ABREAACGIHOTLV-TWA (19964F) 0.2 mg/mP R DO Th i, BT R,
DFBD HALIRNA, MERATEN AR A S TR SN D L5 R ~ORBIIA LW E it LT
W5, 7o, CENIA @ OIEEREICE SN TE Y, FEXICBT D~ T~ RFEIRE
FAEEOWFFH LR LI OORIHTH D,

Myers®> (2003b) (X, BREEHE & LT~ H U HRESIT O J7 85 5004 & . kfIREE L L CERSEMN T
SO HE6TA Xt L LT (FihEOFmoms/e L) | v AU OB ANRERE, P &K ORY
~UAVRE, MEFROTRT I FUREERE Lz, v o O AR R ITRS IR A

(inhalabledust) K V7 = — 2 &L, BBRERE (ug/m®) 1S5 U THRHCOE L (x<100, 100<
X< 200, 200<x<1,000, 1,000<x<2,000, x>2000) , &5I(2, &5 EHEICONT, CEl (ug/m’ 4F)
ZEHL, SNHBEOREIE U TSRHCHE LA (0<x<1,300, 1,300 < x < 5,400, 5400 < x <
10,600, 10,600 < x < 22,400, X >22,400) , ~ W U KEHIEEDHHEICHOWTH D &, EHBM G
HFT-4SD) 117,248,148, FHA IO BIBHEE 2 351F HCEl (BT TH4SD) 1312,700£21,300 pg/m’ 42,
A TOVEEFRICHIT HCEl (ElFFEE+SD) 1416,000422,400 pg/m®+4F, [ HEEE (B E4+SD) 1%
11.745.6 pg/L. JRHEEE (G FEE+SD) 139.2419.1 pg/L T o 7=, BEEUFHNT OFEE, BERE (EA
BRI T LT- 58 OMPFRORP~ > H U REE, CORICOWTHXRIEL Y bAEEICH
Doz, Fio, EABRBERE DS EOEZ S MFREN S R EMA A DT, FEFEOMENT — ¥
THD & AR O ANVRFE IR LM PR EE & FHBERAMR (r=057) BBy, JRIPIREE L OFHE
BRITIED > 72 (r=0.16~0.26) , F72. AAIRERE 2,000 pg/m’% iz 5 & i hiE A
DR E N, MR & RHPIREE & ORI A B R FBEBER A D7z (r=0.43, p<0.0001) .
MiE7wa 7 7 F UL, EARERESCCE, ML ORFIREDONTILE b BEMEN 720 o 72,
E 512, ACGIHOTLV-TWADO0.2 mgim® (19964F) %2 HIE~DBEICHTH A2 ) —= 7 F
Be LT, mHRE (BEZ10pgl GRHBEEO M HIRE D% ¥ A V) L L) | FHgE®RE (CEl
AIEEERTHRLIZ L D) | RPEEOZNF o A2 ROCHNTIZ X - THiGH L2k, b
FEOTFT—ZFIA7 V== ZI0# LT\ E& 2 i, THRERAE T h e L 0 b A IE <,
PRAEEE TG S 0 E ST,

_37_




(Al #)

Sinczuk-Walczak &> (2001) (%, Mfiik NERFZHEITB W T~ U H o OlgiE % 5 T 7= 5835 Otk
RE~OREZ T Uz, PRI, 8 TR OV 1.6244 . & B iiEE 1344 0> Bk 5 754 O B IE 55 )
#F CEEFER39.1749.79%, 20~565%) &, A, Filin, 1FES 7 My C~ v F o 7 SETx %
KR L CEE SN, MBIEOREAYIMIT 1 ~414 (F¥17.5+10814F) Th -7z, BEREORAR
S~ T O MEFEIRE I, 1080 F~2,670 pg/m O Tdh o 72 (B4 T400 pg/m®, B 745 T150
ng/m®) . WSHET.624 O NUEFENELEE 1T 4 ~2,670 pg/m® (EHFEET399 pg/m®, &[4 T154 pg/m®)
T, 209 H3041E, R—F > FOHFFEE (MAC) D300 ug/m* %82 T\, EEMREL134 D
~ T PREIE86~1,164 ng/m OFEIPHICH 0 | BT TIE338 pg/m®, BT TIE261 pg/m®, FEYE
75292 ugm®*T, D55 6 41E, AP~ W RERMACIEZ B Z Tz, BRERICBT 5 RRER
FEEIL, 8 ~35520ug/m*-ETH 0 . BT T8,045 ug/m* £ Th o7, BRERE TR, HEAERE L
CALE RS, WolgvE, FolERE, S kanfEE, MRS, MR RREESSRELY %
BBz, WEORMATIL, BEHORTFE (28%) BIHREE (17%) £V bEro7h, FEE
7o tz, HRFHEREMBRE CTIE. LAIROFAPL CPLI00-N2EIEOIK T AR bz, F72. N1-P100
RIS & RIEETR R & OMICADHBNA bR, EHOIL, AFEOREN S, 108U F~2,670 pg/m’
(FATET400 pg/m®, A FH)T150 pg/m®) OFPFHAN O~ > BREE Tld, i EidbE 0L 31
Za—ua N —% BT 57O DORILE AT E D L) iR O ERIREE LA DALV A Ak
FHRRAE TR TE 2 X9 RARBEEORENF|IZHZInd & L, 2B, HIEHBEMBEE T
N 1D OBEBRDNERL TR, ~ W UBRBICLIARREELEZOND,

Bouchard® (2005) %, Mergler® (1994) 73~ > H &4 T O BB E 744 12O\ TIHfE L7
FRRRATEN 2 AOMAT S 5 2 BT L. 4R & B L OB AT, BB, il (£34F) | #EK
Y (£24) | BRI, THEOE T~ v T U 7 LTMIREIEO H 2 WEICIREE LT 2 & D7\ 1444,
DIEE & L=, BRAERO S @E O FHREAMMIZ19.3% (1 ~274) T, 71420 TII0ELL |
DEATH -T2, AV T T —EIZL D~ B 8 R IR 1T U A T14~11,480
ng/m® GEATFEEI225 pg/m®) . W AMER UA (respirabledust) T 1 ~1,273 pg/m® (S F-#35 pg/m®)
Tholz, Md~ 2 T BEL, BRERETI1.9£53 ng/L (%P 4.4~259 pg/L) . XFIRRET7.240.3 pg/L
(#iPH 2.8~154 pg/L) ThoT-, MREMHEHRO OREHA OS> H 1 HE (FOLEME (hand steadiness
andtremor) ) | WRAFEAIKOLMRETHA O 5 H 3, BEERO 4 REHEA D H H 1HE T, Flic
RAF U CHREERE & I IRRE L 0N RICHIN LTz, ZOREEND, FH I, MRATEI AR
W7 22 AO—EIZE LT, BFEBOFEEOFBEFMOFEE LY b, KL LD~ Hr~
DIRFE T, DTN THLD, HEINST WAL H DL & LT,

Bouchard® (2008) 1%, ~ > # v Ga4rE TGO B EE B EITHREREREOMEIZSN) I
DOWT, LHASHBIAE BIBIAE L i LTz, ~ 0 Eeii@E 714 &t MEE714 1220\ T
HRIERE v T o ~ORFERERE (B CA (tota dust) JEEEICHESEHEMN) & OREEEZR~-,
EEE DAEIR 2 2088 U, B AT IRRE & el L7, ~ > 4 > 0 BRI R oo PR, 19,000 pg/m®-
FETHY . 300~100,200 pg/m*- EDOFPHIZ I o7, MEHEE~ T ORBRBE RO 3 ALY X
L1292 T, Filn, BE. 7Va—LiEERETHEL, GLM (—#IBLET V) ZHWTHHTL
7ol W), EEja 2 b e — U OW TR A & ONBBRRAE O™ 7T, 97 & BETRERIZD
WL, WIEIFAE COBIEROBEE OWIE N bivTe, £, @R FERE SO EE Tix, ¥lEk
NBEFRAE O 23T, PRI B U 7R OBEE DS @ o 720y, o R QMR ARG 2 i C
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X, HRREE L 2= o T, MEIRFEER X~ o T IR & IIBIMRITA DN d o T, )7, B RS
i AR TR BRI HE Tl © & 0 BRI S ey, BREIREE & & OB 2 BRITA b
Mol-, TOXIRFERNS, BBETWER L, T T AEHHE L DIERDF AN Z &0
R T,

Park > (2006b) 1%, ~ T v ~DBgEE & HRATEI~ OB L OE 2~ 5720, KEY 7T
A ATEUNT, 2003~ 20044E AT ONTZAA T » VIR FETEM SNIEHELO 5 b Hki
EHIMEAIN T\ B2 6N 548% (5454, LtE34) xR E L T4 >ORER (ReyODfﬁ’E
MR, EEGLIE, Stroop7 A b, BERTE N TA 7T LT A RN) 23 L= (20054F4J5A (2
i) . FRRATENIEM 725 (Working Memory Index : WMI) 1229\ T, FERFRRED 2 a7 D43 ?ﬁiﬁ
AT ORNT D5 %X ANED AT MEWGEAEZ R (%%@)&ﬁmtto%®%é\m~
50 pg/m>0> 2 AEFIHEEE TIIARRER ~ DI BOMMRIIE AL 2 ~ 5 %, 200 ug/m® (8 [ 5 fr7 12
%)) CIHBREIEAERIS~2% & FHIS Tz, LoLans, EESARIE, RlRETH-7=Z itk

%%%%ék%z%ﬂtoﬁ% WREET — 2 (FEHOKTIRES) (32004E5 HETOHDOTH

V IBREBIRIEIICEE D ST X o e MM OEEEA WV B iz (20044 7 H ~12H OBEERIREILZE O
w®$$%®$ﬂ%§#ﬁ%éht)oit\Eﬁ%%itﬁx?4yﬁﬁﬁﬁ®@%ﬁ®vyﬁy
PR IX, 8 U A (total particulate) T30~670 ug/m> D#GIH T, %4140 pg/m® (GSD 2,330 pg/m’) |
BT IEA190 pg/m®, T BFERFE3,370 pg/m>: A (3,450 pg/m*- H) Tho 77,

Park®> (2009) (%, 20064F(Z#iE L7zPark® (2006b) DA T~ 2 4 o ~OIRGEIRE | EEEO
THHS (Park © 2006b) % BT - R L C, W LOMBATEI FROMGEIRE & ~ o 7 1R & oo B
Z RN L7z, Parkh (2006b) TR RIS L 72 -72484 D 9 b, 4 41X 20054EFJFE O [H ik A TR
JEDTERP A+ ThoTelod, bWz, 1EESOREREICOW T, Pakb (2006b) T
LN TR 5 7220044F 6 A ~127 OF — X 2801 LT, B TOEEREIZ OV T, 20064 5
AIZ364 DIEBETICA VX2 B a— L, TEERSOFEM (EESPT, IBETIES) 28ELTHH 0,
& BoTo, v T REX, FEGORPORET —% LEANY 77 =07 —2 BRI,
< U BEBEOE L LT, BERERE (ugm’ A) RO - RKEISET V& AT AR A
AL, RERIC X220 T L CHBITEN FRURERE & OB Z 30T L 7o R . IREEFEAE & DB
RO bNT-DIL, WML, SEEAREfE . 54, design fluency, sroop7 A F@Eﬂi%f“éb
o717, WMNZDWT I, BRIRER)Y1,000 pg/m® AT 2 &, REN36 F N5 LHEShiz, ~
YF~v—27 R—Z (BMD) EIZ K 2MEtOfER. 2 b EOMEATEIFZIOMRE I DWW T, FERERE
F LMW DR () 2 EREFOBREAMD 1%, 5%, 10% % AL LIz, 2ERO~
VI~ DOMEFEIZ K o THIRATEN AHIFSRERE T 23 5 Y%l IR A3 HIREEIRE (BMDgs) 1%, #K CA
%Hmﬂwﬂ@?lﬁ'%NBl%N%Z%%A@M?%D HATOVEEBREE O FFA I I£0.2 mg/m®
(oL IC2FEMBEEZETHE, 1ISLLEDOHBEITEENELL Z LR INT, 72k,
BIETRE T A3% ORI BB O350 pg/m®, RFEREE R OV4732,410 pg/m® H TH Y | #1E
ELTOWRBIRE L, Fv o "—N (F— b~F v 7 TEH340 pgm®, A VN (F— h~F
v V) T8 ugm® . SA AN (w2 TAEED) T3 ugmilHE ST,
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(Al #)

RIEANLCDREICKDFE GFRHEMERE)

Mergler & (1999) %, [H~ o U RIETHOBEOER) b EERI®ITN T 273 4 (1 122
A, 151 40) ZXRIGE LT, MRGRIEREA R L, furf~ o0 R & OBEME A A L, i
e U RN VEE (>7.5ng/L) TiE. EEOWHEN, FEEOBEOETAR S, KXY
b EMECEEMES Em Ao T (et p =004, B p=0002), Fiz, M~ H REN SO SIS
T, IV TFARBEE TH o7z, TIUD OMBIEREIS T ITRCERZE 2B 2 M ARE (103 pg/l) X
D HIRVEE (75 ug/l) THRLNIZLDTHD Z LD, BH HIL~ VW N X D i KRR
LAV TORYOWIS 7B BT, BETHLND EBRE LUV COEE MRS F Tl
LCTHEL WD LR LT, BB, RETO~ U B U BEIZOWTIIE S TR,

Lucchini 5 (2007) (X, A % U 74LE~7 Lo 7 R D206THiBTA 255 & LT, A4k THICERT 5
BTN O~ 2 2 ~OURTE & /5= 2 Y Rk OliEE & OBTHA A L7, AR GHgICI3A Gk
77 M 4fiEk (A~D) » V., Al1973~19874 % T, BIF1921~20014 % T, CI:1902~ 1995 &
TO#EZE, DIZI970ELIKE, AR LET THo7, BEFTO~ VU RBE L LT, 200447 A~
127 12206l FH I  EEHOZED 1 BEHRS O KRIADEE LI L 72 T C AR O E % 5
BFri.Cax V77 LU ARELT, U HVDERFEICESTZ 71 (Mn/Cas20) , 7 722 (20<
Mn/Ca = 40) . 77 A3 (40<Mn/Ca<80) . 77 A4 (Mn/Ca = 80) (Z/¥H L7z, XfGHitgo <
—X Y R IL, 20014F 1 A 1 H~12H31HIC 7 Lo T IRIZEE L TV ER (903,99744) @
B (1) HAGRPECHRR M ED & OERIKFLER, 2R SV o mlRiisk (ICD-9T332.0,
333.0, 3331DJEH]) KT (2) L-Dopa (/S—3F Y IR DIREER) O LA ERFE S LTH
W, 26774 (BPEL1644, MELB134) DRFE STo, N —F Y URERBE O F X 75.7£10.8
e (WRAET7%) CTholo, N—F 2V UHREROMHAE (CPR) 13296/1077 (95%CI : 284.80~
307.20) T, ZMIEFE ML D FEICE D> 1o, IEELAE (SPR) 13407/1075 (95%Cl : 393.87~420.12)
Thol, ZNHLOAFHEIL, RELKMEHROAERELY bEhoTe, BTHECAFO~ T R
X THOED R OB T CHEICE L . ZOMEDOITHITA OSPRE OE#E(LIET . (SMR) 1%, %
NZE1492/1077 (95%CI : 442.80~541.20) . 1.46 (95%CI : 1.45~1.47) & D169 AT D% 5 (321/10
75 (95%CI : 308.80~333.20) . 0.95 (95%CI : 0.91~0.99) ) LV HAFEICE . SPREUSMRDOW S
NHBETHEATO~ T MBEEAZEICEEL TV, E&5 51, A # Y 7 TliL-Dopahi/ S —F
Y URRIEIR OISO AER Siv, P e REBERIITE bR e D, /=% Y RN O FF
EBIZANTHD E LTS, £i2, HIREORKEMEN TEME D H 2 pre-Alpsthisk o BASHEE T4 IC 8152 S
nizi=, 5%, BIERNEOHBEEHOARENEIZOWTHRHFT 2L ERH D E LTS, i, —
BRI RE T O~ o PR EIX, 20014712 THBOJED THRIE L7ofE R, 2 kmN TIE&&( ¥ C0.69
ng/m® (#iPH0.2~1.8 pg/m® . SOKkmE T TIEF440.08 pg/m® (#iFH0.05~0.30 pg/m®) Th -7, LTHA
~CAB#H L7220044E121F, 7 L T IR O~ > 7 8 FE130.03 pg/m® (#EPH0.00~0.11 pg/m®) (23
LTWe, LLARRS, RTOTERBE L T~ v VU BERE - T- L RSN 5 BEOEEIX
THTH S,

Finkelstein& Jerrett (2007) (%, & D bry M, ~IL b Uil dsi) £110,348% O#kERE (7
TASY - T ROMRERFEEZ )V =y 7 DBEF LR IND D) PHRED AR — MIOWNWT, /X
—F Y 9 (PD) DRl (1992~19994F D HIFEIZ PDVEHRFE DML ST | F 7 IXERNZ L Y PDZIA
mENTBE) v A URE (BEEYERT A, EENOOHEE) LoB#EARE L., ak—1
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(Al #)

(IR 2 iR SRR (BEIRIE. M, OJREB) DBEENTWD, i, BT ¥ TlE1976~2004
HET, VY VEMMTRIRIENTEY , v T UVBBEO—KREE 2 Hiviz, /~ L hoficdil
Lo TRAPIC A UDEHENTWD, v H o DOgEBELE LT, har MHowgREIc>
WL, RBIZE > TALTERRIGY (TGAP) OfefEZE AWz, T7ebb, @itiERK)» 550 mELN
FFEHEER 2 5100 mMEANOEENE 5Dy, D WIMERT (BEFS) 254 TXHT-NOJRE
(20024 9 ~11LAHIE) Z#HW\We, NIV OB IO T, KRB~ T RE (Ll
PR - OMNGy ) 77— % (1992~199FH1IE) ZH W e, TOfE%E., huy hMiicik, P2 (F
., PDIREEEE G OAMRINT-BEEET) ETCGAPOIRHERE (NO2 L) L ORI BN+
Aoty A~ I b i TR IRYE  (total suspended particulate : TSP) H1oD~ o 4
T D10 ng/m NN /T 5 BRI & HPDRI] (A=) O4 v Xt (OR) 1%, 1.034 (95%Cl :
1.00~1.07) Th o7, 2B, NI HOTF—F Tid, TSPHO~ > A P O 9 #130.07 pg/m®
ThHO ., TPHO~ T AR &L NOJREE & ORICBEEN B > 72 (r=0.69, deM)o@%\%%%
X, NIV R UTHORKF O~ H AREIZOW T, ITEOPEH BN . BRESRIE DB AR &
NTZ192FELIAT L U HIREME T L2 rleEn 5 2 & BN DRI, ﬁﬁﬂ&—y\%%%ﬁ%
BEM, FRECRIT DR EDORBELEZ T DI, KA IREDME A OIRTE % IEMEICER L TO7RVA]
REMED N D Z & 19926FHiT2 TSN D o ToERE DMFAET D AlREMEN D V) | K OBREEIRE 23
TREEDS D LRI DAREMENH D Z L2 TND, 51T, v T ~ORkENRTE, R ES
OENFRBIEE SN TE ST, BOKEOKR OB TO~ T ABRUZ SN TOER B FEHEH I T
RNZ EIND, ZHIZ X DO FTREMEIIAE TE RV,

BOBERICLS52E (MNRZED)

Kawamura® (1941) (X, BATEBE O~ T (B5 <28 mg/LFEE) &(ﬁﬁﬁﬁ%ﬁé\ﬁ#)ﬁmﬁ X
DIEBNZOWTHE LTS, v AT OREANTHFOESICHED b cEicikT 5 L HES L
7o HFKEEBR L2254 0 5 HIGLIZHEIR, fHERIE, Rk, %@iﬁﬁwf%ﬁﬁ%h b EE

REEBITRBEICRD LI, HAREOERIZE Vo7, Fio. 1 ~6mO/NLITITEEN -
2o LU S, WHO (2004) 1%, ZOHETIE~ 2 o DIREIREDIE m#r+ SThDH L.
EREEOHEEMNC BIRE LTV D Z & JEROIBL L EATNEE T, H A KOEALANC — D BFE
BLEZ b, JEROBEOERK & L TMOLFWE~DIREE L RIS &L LTWND,

Vieregge® (1995) (X, RA VAL ORMIMITEE L, HFEKIZEEND~ U H o 2RI (40FERIL
F) R MRS R O RERIC DWW TR AR 7 B A G A LT, IRERRIE4ALSL CEXAIST.56%)
THEKO~ T EEIZ03mgLLL E (0.3~216mg/L) . *FHREHL744 CEYFERRS6.95%) TH K
D~ > H YREEIX0.05 mgIL AT T o7z, A DOFER, MO~ R, BEEERE T8.5£2.3 ng/L,
% HRREC7.7+2.0 ug/LTZ?) 0. MFICHEZI o7, £, WFHiES) (fine motor coordinate) Dk
HEOFMERIZBWNTYH, BERELOSBEECEII o7z, B, FH DI, BRI N O REE O,
PR, RFETFHIREE, 1%@EW$iH ECTholzt LTW5,

Holzgraefe®> (1986) X, M ED~ U U R OBR L= FH2HE LT\ D, LHFEDOI AICK
V. 66 DREXRDEEIZ, FGURMEHY 7L (IKOy) LEZ TR~ A 72 (KMnOy)
AT LR RiERE10g) « TORLEOEREOMIET R OBE T~ o H U BREIL, ThZ
ﬂ\%kﬁ%ﬂ&@l&MT%D\Eﬁ@(%h%h\%ﬂMﬂ&UD%wZRW)i@%%#oto
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(Al #)

FD%, NXUTF MNBEANTCTA=ZF FY WA (CaDTPA) ICXLAIEHEICEY . ~ o H o OMmiEEE X
KT LR, 9y AR/ S—F 0 Y UIROFIHER (ZERRER, WA OREE, /N 725772 L)
NI,

Kondakis® (1989) 1%, ¥ VU v 7 OXuARx Y ZJLfEHo 3 Hilk (A, B, C) THEEZAHhH L7250
A B B (MilsAT6244, BT494, CTT74) Zxigs LT, Bk E I Lic~ U 0 ARIR L 4
PR L OB A A L7, 3HIE (A, B, C) ORI O~ B URELX, ZThZ2n3.6~146
ng/L, 81~253 pg/L, 1,800~2,300 ug/L CTd o 7=, AR RE DBEZH O~ o PR EITARIK (3.51 pg/g)
<BHIEk (4.49 pg/g) <CHilik (10.99 pug/g) DIATE <, FRFAIRED X a2 7 FAME Kb <, C
M A e IR o7, 2D ORERMNS, FH DL, REVKFO~ > B REOBINE | Bk~
> B ORI 2 R R R E R O VB O~ v R ORIMBER B S & LT,

FEROFERNGEE DEER RO~ W EIREICOWTITEMIIZENThATEY . BXEOERE
MNEWNE DOFH T, HIE 10~15mgMn/day & HEE L TWeds, £ D%, 5~ 6 mg/day IZIEIE STz,
723, WHO (2004) 13, BHEMOEEIANS D~ o H ABRENEER -0, SROEBRT 5~ B
DRBEBHEETE NI EnE, ZNHOMEN D AND~ v U0 HE-RGBEREZRD D Z L1
KEE L LCTund,

Woolf & (2002) (%, KERZ h BN T, v T A REDOEmWIHFKE 5 FMICH7z > THRIEL
L7z 16 7% K& TN 10 % D S sB DIEFIZ DWW TG LTV 5, HFKDO~ > F T 1.21 ppm TH Y |
FROREE S 15.7 ppm & @ o 7z, 5 (10 5%) O MR, PIERR AR 38.2 ng/L (GE#EIE< 14 pg/L)
Th Y., EPKEZBEEDOKITHZ 72 (FIERENS 1 7 A%) OMAETSH, 174 pg/L ThoTz,
£, ZORFORPEEET 8.5 pg/L (IEFEIX< 1.07 ug/L) . BEF O~ B T 3,091 ppb (1IE7
fEIZ<260ppb) & mEinrolz, I (167%) (X, MAREITIER Tholons, BEZFIREN 1,988 ppb & &
Motz Bid, RERESCHKEIRIE THROKES AL o 7oy, Zilio b EEY 687 &R
IZHEH Z LT & D Z LR SN T e, FFLEFRMRAEDORE R, BOBMBINIIER TH
ST, SEERLE SR REOMBEME S . —RIRLIEIEEIL 13% % A L, SRERLIEIL 19% ¥ A L,
FRFERIL 14% X A v, FEA T v 7 AL 19% X A VW Th-oT-, BHAE L FHVBET R FD
R, ETIERU T T05~155D Tho7m (1D IT16%Z A V), EH HIL, HlicHbNI- ik
BERATEA~DOEERLT LY U T ~DBREITER T 2 b 00N E 2 NEH 6N TIE ARV, o
NOOF R~ T OFELBEETHELTND, £z, v U T ~OIRE & /NEOMIRITEIER
R OBEICEH L CTEERLIMERLETHL L L TND,

ey

Khan® (2011) 1, N> 7' T 5 4 ¥ 2 O Ardihazar® 8 ~115% O/ NFRENE #2014 12D T, HF K
DV H B BORE L WEOHENOIMERITE) EHRHORME, BRNITE), FHEOEX)
MONTERITE) (K%, #195 >, ffE., Bk, RF0HES) & OBMRIZBEI L T, BETZE4 Fh L
Too WEOITENL, BN L2 WETEF =~ 27 U A b (CBCL-TRF) ZHW T/, HAKpo~
VM ROV FRE O FESDIX, £ E41889.24783.7 pg/L, 43.7+67.0 pg/LC, MO~ 2 H N
b HEEE DOWEESDIE, TAF, 15.1£3.9 pg/L. 5.1+3.3 pug/L, JRH b Hil A 0 F+SDI, 81.2475.2
ng/LChH o7z (WT I b EATCEENEAEENEARR) | 7ok, R~ H VBETHE ST
WV, T U ~DBREE L BN OITEN E OBEEORE T, HEKTR O b FRRE, ML BEEO#
BAUE, VEO ERE AR K OBMISE OISR 14 % L7 fE . KO~ o 0 RE & NTER
fTEhD 2 =27 (HEER = 0.82, 95%Cl : 0.08~1.56, p = 0.03) . HMERITEND 2 27 (HEEP = 2.59, 95%CI :
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(Al #)

0.81~4.37, p=0.004) . RUO¥A A =27 (HEER =3.35, 95%Cl : 0.86~0.83, p =0.008) & DI A H e
EOHBENA LN, Fio. HFKO~ U T REE A DRI T T256. ~ v 0 R & AME
HIATENA 27 R ONRAE A 27 ORINZ, HE-ROSBRB A BV, PR, A L ORRF O b BRE,
L~ B R & HENOITE & ORICITAERMBEERIIA DN R T, kB, WEITET =
> ZIZBWTIE, BEOHEMOFNZ AW 25 Z L1 X > T, FHlfE RO/ SA T AN TR STV D,
Z OHIR T, #Eh L FROHE L OO0 E N\ (HFEMH D WVITRERKR) | ToZ L nRE
DI LRI OV T L ER SN TN S,

Bouchard® (2011) 1&, BT X D7 Xy 7 NMEHOM FKZHEH L TOHHBK T, 6 ~13 DFHE
3624 & x5 L LT, BRI S O~ U T UABEER L 1Q & DBIRE TS 1= O IR i 78 % Skt L 7=,
REKHR DO~ 2 7 PRI S T30.8 pg/L (#iFH0.1~2,700 ng/L) ToH 0 | FEIKEEH OB EE G
PRI W TR K & 560 C) 13X RAE T 8 pg/kg/H Th -7z,

BHENS OBIE TP ARG T2,335 ngkg/H Thotz, BEF~ U BET, REDKRBO~ 5
VEREOEINEFEL T L0, BFERBEO~ T ABEE S IXREEEN o2, RO
B, TS O T 2 5% LIS 8T TV TN LR 3. foBb K h o~ o i b
ERAEIQL DRICHE 2B 2380, KT O~ o B U RENIOEHINT 5 &, IQA a7 R2.4K T
(95%Cl : —3.9~—0.9) L7z, fREKTF O~ U BREIC LY 5900 LI RED R/ INEE & BeRBETIE,
EREIQIZ6.2DENH o7z, Fiz, FEBMEIQL V LEMEMEIQE AKEI KD~ 7 YR L & BN
BT, THUHORERNG | FHH OIT AR T K~ W IR E DS O MFE R~ D BB
RgInlcb Lz, (FE:ZRB, T7ANTZ b, KX, RICGEHOBEITEVDRH Y, EFLOfEIX
HHOMEEA TS, )

Menezes-Filho® (2009) %, FHED~ 0 ~DIRFE & LR OB BT 20585 SC12f (1977
~20074RICAFR) DL B a—%{Tolc, ZTHICLD L, w2 T ~DOREFERITEHCEIK  (Eik oWoolf
5 (2002) Z&Te 5WH9E) | BREEGYLE L ITIEOBEIY (28F%8) | HITOFER (18F%%) | B
BIFIIARHTH 2 0B ORE (28778 (ko Te B AR T 2/~ Takser 5 (2003)
Ericson® (2007) ) ) MOUEHZEA A S L<ITMER Wb D (2H98) Thote, ~ o U L IREE
DAEY TR S LT, BEPO~ U T ARER R %< (100F78/12001%8) | BREEAE DR £130.18
~125ug/g Th o7, BBEKZRERIEE L7z 52 5% < OB T, BEREO THHIBWT, v
TR &R R, ARITE R ORA 2T, ROMRIEE) R &L ORICBIER A B, 128F
ZED D B JEFINFFED 1 (Woolf > (2002) ) | SEGI-xEFRAFFEDS 1 6. AEKraFZE23 9 5] (Ericson
(2007) Z&de) . 2A— MFFEDS 14 (Takser® (2003) ) T o7z, FRBHKIRH OIREZ B -7 5
WFZEIE, JEGIRFZE £ 72 I3 ZE T 0 . FH O, BAFZEIE 2R — MFZEIC R T, BBIZ O
TOFHLOMEFEENMEN T & o TR D720 2 L oI OWFIE TIERAG IR T OFHE N AR+ T
HLEORREZIEHML TN D, L LeRnb, oBts & o T, KBS ORI T, thaiRirik
RE. i, MAICT~ vy F U VST BEARET 572 8, RER T 2ET 2R NS TWD
ELTW5s,

BYERT—4
R A BREE RER

Ulrich & (1979ab) |2 JAuiX, #EED U 290 (MERER 4 B4 1L LO)IC, 0, 11.6, 1125, 1,152
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(Al #)

pg Mo/m® DU L =~ > H > (MngOy) D7 1Y L% 9 » AR (24 FRI/IH) WA SE /58T,
VR (B L 72 DU ORISR, FERE. AR~ R E RS~ DR BII o T, £,

] U skl 2514 Spurague-Dawley 52 7 /L €/ Z v b (MERER 15084 1 BEE LC) ICRASHTFERT
b, BRI LIRS O RBII R b e h o Tz,

Normandin & (2002) 2 X4uiX, #dD Sprague-Dawley 7~ & (I50E% 1 #EE L C) 12V v~ W
v (7a—%i 2 LT (hureadlite ; Mng(PO,);[POs(OH)], * 4H,0)) 0. 0.03. 0.3, 3mgm® (0. 0.01.
011, 1.1 mg Mn/m*#824) % 133#[ (6 Mef/H. 5 H/AH) WA S/ H, PRI ICBEE L7 [ sE
gy, IRERA~ O, AR, R, S ORI OZE ML RN o T,

Dorman 5 (2006a) (Z L AUE ED T B 7P (4 ~6 L% 1REE LO) I iz~ > 4 > (1) (MnSO,)
0. 006, 03, 1L.5mgMn/m®% 90 A (6HRI/H, 5 HAH) WASHEHERE, 1.5 mgMn/m® BTl
kAR B RO 238728, Z OMIZIiE 0.06 mg Mn/m® BL_EORET, BREEICEIE 5 BRRAT R, ifL
AL FRAERER, RS EERS~ORETI o7,

Tapin® (2006) 1= XX, HEDSprague-Dawley” ~ ~ (30VC% 1#£ & LC) 12, iz~ ()
(MnSO,) 0. 0.03, 03, 3 mgm® (0. 0.009. 0.09. 0.9 mgMn/m*H4) %13EM (6 KEHE/H, 5
HAR) WA SE-MEE, 0.03mgm® Ll EORET, ETHEEORN, BEIEEOWBD . R CERE
RO (ALT, 7AB YV TR T 57 HZ—8, T N T AOEN, 7V T LOWDRE) 28D,
0.3 mg/m’LL EDORETIE, REERO MM ORI | L OERE 2580 7=, £7-. 3 mg/m® (0.9
mgMn/m®) BETIE, e, B, TN, . ORSER L OUMOOBRER, MORER. RUIREE. Wos. RTEEEE O
~ A AR OEINERBD T,

BO5XRER

Gupta & (1980) (Z LA, DT B 74 L% 18 E LT, Bk~ 4> () (4 KF%) (MnCly -
4H,0) 0. 25 mg Mn/kg/day % 18 » A RIflKIEG L7=%5 5%, 25 mg Mn/kglday BEC. /5 . T
DEENA LI, SR CIEREOGRBAEE ) =a—a VEEEZRD -,

Kristensson™ (1986) |2 XauiX, HDSprague-Dawley” ~ h 4 L% 1 #EE LT, b~ H> (1)
(MnCly) 0. 150 mg Mn/kg/day % 477> 544 H FIEROK# 5 L7265 5. 150 mg Mn/kg/day#E T, # 5
2 ~ 3R ITHEENED RN LZEIRBIT NI DAVIEA, 7% E TITITEE L7z, 150 mg Mn/kg/day#f T
1%, 15H BICHERKR OWUR TEO AN = UOIREAMET L7223, 60H BIZIXEIE Lz,

@ MFREEE
BMETIED 9 B, FERESEIEICBI 25 TR A ERI0ICE L D7, b O R OBEE L
TR THAD,

<ANZETBH5T—%>
c FERERA~DRBEL L CE, v~ AR O~ o B A ORTE T T, ~ 2 2 ~D g
IR 7.14E, B U A (total dust) O S(T 4 T940 ng/m> DR & 5% T 7= 58 # T, 22V ZA
D%, EEIHOMERREE, AMERE LR EZR I LT Wi EOBRIERS A S, BEE T
JHSREDIR T & A b7z (Roelsh 1987) , AfLLIRE, ~ > T (K U A (total dust) )
60 mg/m>% A % 5 VREE 2 52 T Tk B IR, MR Fige. RUE A, WRIE AR OO L SR R
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(Al #)

DN B TWS  (Boojar & Goodarzi 2002)

NA T Yy VEBICHEF LI LORAETIE, AEEGORKT O~ A OFERE (BT
A DRIFIT OV T DR L) 23210 pgm®*Th v . 1EERBIEA$20.97 H £ TOWIK AR
& FE i LA R 7 D 33%ITIHFERE DA T 237 B L7z (Bowler 5 2007) , LNL7eA3 6,
AN G OEE TN A 7Y //@ HUART DIEEERICEE CEY14.28E) LTWnWah 2 en
O, LEINGDO~ o ~OIREEIZ LD EOAEE S REBEI N TS, ZOftlc, Jafari &
Assari (2004) 73, %%I@@w R, SRR~ ORBEWME L TV, v LSO
BRAOFENRH Y, BEEHIEIC I 2B LIRS ATND

<HMERICEAT LT 5>

- N FZBRIC BT, HL T 3 mgMimPE TR T104 A RIIREE L7 F28R T, %
DN T T L O (Suzuki D 1978) AESN TV A2, 1L.5mgMn/m’E TOHRE T

90 H IR EE L 7= BRI, i HEEOZKITA L /e 7= (Dorman® 2006a) . 7 » kTl

0.5 mg Mn/m> % T o i i T 137 i % Lt;@%ﬁfﬁﬂ SO R DIIERE LT TE Y (Dorman

5 2004) . 43~138 mg Mn/kg/day|Z 2 EINERE L 7= EERCld, IREEITIRTE LR OFRAELED

BN EE( LR A BT (Shlotsuka1984) THFTIL, 39mgMn/mPE TOREE T4~ 68

MRS L7-EBR <, i~ 077 —U~0ORE8RED 57 (Camnerd 1985)

x10 12HEHE (FRHFSMH) (CETLIHME

AT ET—4

Roels & (1987) 1%, ~ v H by (b~ A, Migb =~ H), ~H o (s,
PREAYE., fHERME) ORLE THICZE W T, ¥~ T AMAEAEWOR U AN 1 R EL EgEE S vz B
B 1414 CEE4FH 34.35%) L OWERRFE RN C~ v F 0 7 ST kHHEE 104 40 CE%)4F D 38.4
ﬁ)%ﬂ%tbtﬁ%ﬁ%%%%bto%#@vyﬁyﬁﬁ(%%Dh(mamw)iﬁﬁﬁ%ﬁﬁ
T 70~8,610 pg/m® (47— % OFHAE 970 pg/m®, AT 940 pg/m®) TV | IR OMETWIFIX
1~194F (F¥J714) Thoto, MR Lﬁﬁéﬁaﬁéﬁfﬁﬁﬁvm% &E@F% e
TIXERIER E LT, BOFEICEA D, EBFICFFREEIC 20, SREIREEZ LT
@k®@aﬁ%ﬁﬁﬁﬁgygﬂoko%%%ﬁﬁ?@\%%ﬁwﬁﬁﬁfﬁm\EM)Wk@%L
B (PEFR) DA %5887,

Boojar & Goodarzi (2002) (X, ~ >4 VLI BIEGHEIF 1454 O FEEHE & R SHEIRICBE -5 22k
— FRAIZOWTHRE LT\ D, AR, Ath44EH, 7HEH DO 3RFRICBWN T U H U OKHIREE,
FOKHIREE, M, SR, BERORE. Mitkee, PEREER A2 B OF MBI 0F TA L, xR
FECITR M R L, AR RA RIS ~ o 5@ #E SR TR 0 . By CABREN 2 <,
< T PRE N 2.89 PG/ AT DK B AW TN D654 &8 A TS, 1EEREETO~ B U RE (kL
A (tota dust Mn) ) O FER(*SD)IE, ARy, AfL44EH, 7THEBIZEBWT, IHIZ62 (+41) | 94 (£52) |
114 (+66) mg/m®, W AME~ > 7 4 (respiratory Mn) D) (+#SD) 1327.6 (+21.4) |, 38.1 (+285) .
433 (£31.1) mg/m’, KD~ H P D15 (2SD) 13283 (£31) . 311 (£39) | 268 (£34) uglL
T, WTFHROHEE b AR, At44H, 7THEBO SFAICBWTHRREIAON RN -T2, BiE
BEROSHRREE bic, M, RO~ T AREIZOWTIL, B X A2HETAD NIRRTz, FE
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(Al #)

WEENZ DN T B D & AR SE M~ o B e (#SD) 1317.3 (#4.2) pg/LTH Y . *THEED
18.9 (#¥4.1) pg/L L M 72 o 723, AL 44 B1213137.2 (#22.12) pg/L, 7 4EH1213167.2 (£34.6) pg/L
CRENEICER L, R, BEFREICOVTCHLRBEOBET TH-7, AML4AHER E 7THEHE O
FERED/NT A —4 (FVC, FEVy. 1BR(FEV %)) 1&, ALl R OSHREFIC A~ REIIE T L TR |
W (X FEBE | R TR o 7, BSRE AR S Tl ARERRIC I W CIEBYE ok & 35 %
BN DB OWEMEIEE (8 %) NALNDIRETH o722, AL44EH, 7THEBICIE, FEELDY
HENH 2 PAEMEREE A RICHEIMN U, FEREER & Ui, BEFEOALL4FH CIEmE., i
K, [REZRE OGN ZNVOFFREPF BRI EAAEREISE <. WS T B L OB O A
NEVEMNoT, METHEETIIE OISO, BU., S LS, WMEBOARELAEICE
mole, FE DI, BEBEREOMRIROIERIT, FERETO~ I LD RICE D DT
IRV EHEEL TV D,

Jafari & Assari (2004) (X, A 7> DA< H BV, BB T.634 CEYIRBRER 13.766) KOS
HRBET8AL I DWW TSR A Il RE 2 A Lo, W LITEBOESEDOE 2 — LA KT A (NO,
NO,, AV ) 7R EDEFEZSZIT T, THRBEIXEEIC L D@, U, 7T AXRZ M, BAIOE
AT ERIRVMEREE & Uiz, AT, WBECEIE, MG & B U ok ae R R EG R (4
) ST 2EMER DT v r— MOk 0 FEhi U7z, WUEEIEIX, BT C244/634%4, *HIREET
1841784 T o1z, Fio. FEE OMNIIR (B~ A7 OWNM) OB 7 2 —2xHE LT, JRT%
WM CRIBEDNT LTz, ~ o H v DPEEEIT360 ng/m’ T, Z O, $2331,100 pg/m®, = 47 /L7323
ug/m®, $A7321 pg/m®, 7 B L3240 pgm> Th o7, BE < U U O ITTFRIEE  (8T5.0 mgim’,
~ A T02mgim’) X0 b @ T, MBSO SRR B OB RITRE T O NS GE X%
R L C17.45% ., L1 T256% Th -7z, W LOMERED /N T A — 2 (VC, FVE;.
FEF25-75%) 1%, A TOME Y b AEEICE»-7- (2B Tp <0001) , 7o, WET, IERE
TOELLIZBWTY, BUER O PIEBYEE IZ T, IEIED T A — 2 ERHBEIK» - T,
INOLDOZ &G, FEEDLIR, BEHELICKT DRE & EOHREMANR RSB ENTZE LTND,

Bowler & (2007) 1%, A 7V v PR TIEET 5 BMEEH# L4340 CFEF#43.8m%) (22T,
TE¥BAIAT%15, H. 108 A, 2094 H @ 3EIDMtEREMA 2 FMi L, ~ o T o ~Digis & ORE L
FAARTz, EHETIIAA 7Y » VEER AN E 1420 OEHEEERBR H 0 . A7V » DRI
Y8165, AitH L=, (EEBO~ L H o OFPEE (BRICHOWTOREZR L) 13210 pg/m® (BE#E
7% 80 ug/m®) . BAREIRER BT 472,560 pg/m® + H (FEHE(RZE 1,200 pg/m®) . I3 O F-#139.6
pg/L (BEYERZE 2.5 ng/L) Th o7z, 3EIDOIERERAE ORI, FIE5 3[EIH £ TIZFEVUE 7 %,
FVCIE 2 %. FEV:: FVCHIF21.2% DR T 238, FEV, : FVCELIZ DWW T, 3[EIH OBA £ T2y
B# D3B3%NEEEEZ T Lz, T DIRERE DR FRIL, WUEEIE, XA 7V v DR IO
BAFEFH, ~A 7 ) vy VERP O~ T o ~OEEE (BREREE, Lf~ o U RE) & OB
DBHBLNTED, AEROO TR0 olc, B, WHEO 7 2 — LIk, E0&RbE EN TV,

YRR T -2 (RABRERR)

Suzuki & (1978) (ZLHUE, MEOT B Y LZ, 0, 0.7, 3mgMn/m® O it~ H 2 (MnOy)
DRy U Az 10 7 AR (22 BEE/H) WA SR, 3mgMm* BETIE, 1 7 A% BRR O
filcBlE2 S, Wi FEICB W TR NREBICEINL T, fikofzE L7z, 547 H#%IZIX 0.7 mg
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(Al #)

MV BEC % [k B BRI IS B S e, BB EAOIC 1L, 0.7 mg MivmP LLEORET, B RIB
Y 2SO, WOME OB EMELS, BREHEFAOME, XA R T
WL BRIRREIE, AU, RSB SN, 3mg M BET LD RIES A o

Shiotsuka (1984) (2L iiE, T v M0, 43, 82, 138 mg Mn/m* @ "fig{t~> A (MnO,) % 2
W (6 FEE/A, 5 AAE) WA SHIAER, RIS LR O AEROHIMN L OVEE(L, MEE
ORI ST, 138mgMn/mEETIE, WEEL A ST,

Camner & (1985) |Z KAuZ, HEUHF8ILAZ 1# L LT, bk~ #> (1) (MnCly) o7 vy
L0, 11, 39mgMnm® & 4 ~ 6 R (6 BFE/H. 5 HAA) WA SHE-4EH, 3.9 mg Mn/m® B T
fa~7 a7y —VOEROEMNZROT-HN, BEEICEE Lo B &M~ O BII A S e o
776

Dorman & (2004) (2 ZAuX, HED Sprague-Dawley 7~ K 8Lz 1 #:& LT, 0, 0.01, 0.1, 0.5mg

Mn/m® DFfilE~ > 7 (1) (MnSO,) £7-1%, 0. 01mgMnim* DU » g~ Hy (Tu—FHE LT
(hureaulite ; Mns(PO,),[PO3(OH)], + 4H,0)) % 90 HI# (6 Wfil/H, 5 HAE) WA SE/fER, il
<Ay () WA L7 05 mg Mrme BED BED IR |- Rz IZ RAENZRD =A%, B HIR% 21T
ootz Vi~ T OW AN L D BEOME~ DRI o T,

Dorman & (2006a) (2 K AUE EDT B 79 (4~ 6% 1B E L) I, filk~ > B > (1) (MnSO,)
0. 006, 03, 1L.5mgMn/m®% 90 A (6HRI/H, 5 HAH) WASHEHER, 1.5 mgMn/m® BTl
R ot B DD 23R 7= 73, Z OMIIZIE 0.06 mg Mn/m® LLEDRET, iz & 15 2 Dlfige &0k
B, MR FRARE R~ DT R Do T,

c. £IERLEEN
< B DAEFERAEFMICET A FEARMAEZRIUCE L O, ZNOOHMBOMEIILLTO

LBV THD,

NIZHT D AEEFMEOWEIL, WEREZZ T BEOERIZET 500 % <, 940
ng/m® (BE LA (total dust) O VIR TARNREDIK T (Lauwerys & 1985) A3 &
NTWAH, 301 pg/m® (51K U A (inhalable dust) D) TiETOF 15 7 Fo
TR DB I S 7= & DA (Ellingsen & 2003) 2385, —757 T 710 pg/m® (8 U A (totd
dust) . HHAE) CTHIAERICHEER RGN -T2 (Gennart © 1992) & O#EHH D,

Jig RN D71 IR EE DB DWW TUE, SRR O REBLO ~ o o~ DIRFRIR AR E ST
57, WABREE L OFEMEII A TH 503, WFILEDO~ 7 AARE & ko mesiE (%
97 A, 3k, 6mk) LOREAZFHAEL, 3WFFICHBAHEEO - TAa7 DR TAR LI
EOWE (Takser 5 2003) 3D, Fiz, THOKTTHEICEENDI L T RENTEN
TOVU T ~OBEBRRECEEL THNDZ EAER L, HEO~ v TR & 7O TEhfE
&L OB A TR, MR 20 D~ 2 T PRI 36 H i, 54 Hiln, 5 1 A, S 3FAE
OITENE . R T r HO~ U RE LB 1 AR 5 3 HEDOITE) L ORICEIENEDN b vz
L DHE (Bricson 5 2007) b5, WTFNOHEICBWTYH, Z2E5 513, 2 b O E
IZOWT, BIRBIOFENTO~ o ~DOIREEMN I O MBERE B2 KIF L TV 5 ATRE
PERDHDZ L aRmBT 5L LTS, v T IO 5 BRI O A4 2 54
ELERAETIE, ~ v A OBRBEFROLHITARVN, BOFIEROIEESR)F 722 5 il o J5
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(Al #)

FEREENTENZ EA RSN (Kilburn 1987), #AEVW O SR B E -0 Tt 7 28
IZoWTiE, BEOH D TR SN TV DA, MIREEOT — & OFLHN e < et
HREMHIZOWTIEARATH -7z, £, FHOIL, AENRAED DR T2, BEORAER
EMOFBEEEZBRIHT 2 Z ERREEE LTV 5,

B FERTIT, WARRE LT LICB DI REE~OFZEITA LTV (Dorman
5 2006a), 7 v hTIE, HAEROKEREOESE (Dorman & 2005b) , (kA K L ARLRIE ST
A— B D EIREANIHHIL TS (Erikson & 2005, 2006; HaMai o 2006) , 7 %~ Hi[a] |
REWEGTIE, BlEOENME, BT EROWE, FHENOHMEOBERIEMEDIK TR 5T
2% (Chandra & 1973 ; Seth & 1973), 7 v b Of% 1 £ 55805k CIIH B O K3 & Ok e
EOWA . WINEE DK (Bataineh & 1998) . WA DOHEDIE I E &, DD (Laskey
5 1982), v U AORAFRGRBR TIEIBEBDOR FEHOBALCHEFOEIHEROET

(Ponnapakkam © 2003) 23 5 4L, Z DM & AAFIE YA DI 70 & D52 %8 (Elbetieha & 2001)
LA SN TS, £, K TFRGICE2BRICBWTH, BB~ (B F T,
RARE, EFREK T, HAROBIRSOR R FROEZER L) N5 T\ 5 (Sanchez © 1993 ;
Torrente © 2002) ,

2E. BRI OHES AT 240 AfiiE T~ W OREA2ZT 20T » b TIEMERER
D ATREMEDNV R STV DAY (Laskey B 1982) . MEDH5HR »~ ~ (15 Hiliy) (2 55 HifnE
T~ oW 2 E LICGEITId, AR RER oo R b 2 s 4 55 % (Lee b 2006) H155
ncTwna,

R AERESMECET HHE
AIZEE I BT —%

Lauwerys & (1985) 1%, ~ > W U HIOAPE T3 OBEIEH O F 1k 578)# 85 4. *THHE (51 81 44)
ERGL LT, v U ~DUREE & BRI & ORRA A Lz, SR ATREFE I & A5 ISR & FH ALy &
ToIXZEN B ETE L, FTEHE IOV THEMRN] (16~25 5%, 26~35 7%, 36~455%) (CAEFENT-
FHEE A TIAR TR, 16~25 7% K N 26~35 K IC BN T~ U T ~DIREN D > 2 BE N A E
Wl otz KO~ B O U A (tota dust) #EEIE, 1EESGATIC LV x> 7273, 70~8,610
ng/m® T v | BT 1,330 pg/m®, A FH TiE 940 pg/m® Thb - 7=, ML 1T, BREERE T 12.945.3
pg/L (i 1.0~33.0 pg/L) |, Xk FEE T 5.7+2.6 pg/L (i 0.4~13.1 pg/L) | bR I FE 1% Wk EE A C 4.37+15.65
ug/g cre (#iPH 0.09~140.6 ng/g cre) . *HHARET 0.27+0.31 pg/g cre  (#iiPH 0.1~2.00 pg/g cre) TH o7z,

Gennart & (1992) (%, 7 /L4 U ¥ fEH T T, “fgfb~ > H > (8 U A (total dust) . H944E 710 ug/m®)
(2 62 FE DR 22 T - BIEHEHE CTlE, HAER~OEBIIL LN o7l LTS,

U.SDHHS (2012) (2 k% &, FEFECIXAHFMEICEET HLL N 2fmOMENH 5,

MR & L CHLR 7138 A N LA 63 44 MR ZE D XA #HE L 38 44 iE E D BRI L 110 44 % |
X & L Corlha & A —Husk, [Rl—W835 D HFE T, ~ v 0 U ROAEFEFEIED 8 2 WE ~DIEEED 72\
FHOHERGLE LTEREN TSN TWD, KITEE O~ T OREHRIT 1ELLET, v d
VB CA (TRt~ H ol LT) ORMEAE 140 pg/m® GRIEOHZE) ~5500 pg/m® (=5 #H
DIIKE) Thol-b END, w2 H 7 22— h~DOIRFTEIFEIL, OB K T Tl 250 ng/m® (%
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(Al #)

WEE) | YEMYSE O B ARIARE LTI MP OFBET T 6,500~82,300 pg/m® &) LG ShTnb,
HEIEADFBIZHOWTIE, FLRTIE, 14.3% I HEIREARIF M DOIER . 34.9% K T DD 33.3%IC
AEAFATREZR RS TR O (RIS 2R OER) BN L, EMEOBEXRAE LTIl FOLFL
VDR TRFED HITe & STV D, 7o HEE O BRI L CIIRIRT O~ o T U REREEIL
PEIE K ONERRE D BRI LORIE TIX, . =v 7, Z7u b SRORED EARALNTZE SN
Do LMLARG BEFOTEFIIMOSE B, => 7/, Zu b $%) ICHIREL TWzzd,
7 W ~DIRFE L EFEA~DOFE L ORHEMITH LTI RV E STV S

Flo, v ALY (6 1.35) ORI 314 4 & | Fllin, BRI, ATEEE, ﬁi%/ﬁé (personal
hygiene) . #HHE KL T~ v F o 7 SE-HBEECOWTORAE TIE, BERIT. &d 35 EfIch
of#@*%ﬁmﬁﬁ%%ﬁv\V/w/®w¢%ﬁ%@%bh&%méh6)@&ﬁ$ﬁiu5%m
(b= T2 LTC) Tholob SNTWND, ATHA~DFENT DWW TIL, BREERE & 5 RREE & DRI
HEETHR SN2 > T8, YERRSRER IOV T, BERECIIIBEEL W b1 VR T o A L OMESR
DRIMDEIE D@ T2 ME STV D,

Ellingsen & (2003) 1%, ~ > W U A&AEETHO BESEE 1004 &, 13t 1 XIS & 72 5 Rk &
LEWLOTI/N BT~ v F 0 7 Lz 100 44 % 5t BREE & LT, BB ge & 520 L7, i o~ o5
VIREREHUT YT 2004 (#PH 21~41.04F) Thoto, AV 77 —TEHIL7=REHZ &S %
VBSOS MR A D~ 7 2 (inhalable dust, i FH) 13301 pg/m® (#EPH 9 ~11,457 ug/m®)
Thotle, IR~ T PRE GRMEE) 13, BEEERET 0.9 nmol/mmol cre, *}FEEET 0.4 nmol/mmol cre,
MiE7Tva 7 7 F U RE G 13, BERET 29 mIU/L, *THEEET 197 mIUIL Th- 7=, 1EES%
D~ 2 T PR REOIREFE IR & F WP BT Tl B 7 1 7 7 F 3B, B CORIRMEOW
SIHER CA D~ (solubleinhalable manganese) ~MIREEE, WRFE M L QW E & ORSE N 7 5
U RIIRTE 22 1B EBRE CRIRERE AT TV A HBE TG T 7 7 F URENRE
2 < PSR GRS L0 b iiE T v T 7 FURE MR o T, RIS S8 A — D
VAVITIRERRE L SR CRIBE TH Y | ~ T ~OlgEE & O % Enls 08T Lo RICB 0N T
b, YUHURE L OREIIA Lo T,

Ellingsen® (2007) 1%, MiREDO T 1T 7 F v LRFHGED0A VAR T VA L OENRBEIND Z &
Flo, AV EEUBEEFIRE L OMICIEOMHENRRENDL Z b, By T O 7 hXT AT
V7 D1 IERET RO EREROGE T35 C 1AL B T2 LTV 2 B Ic >\ CL i o7 e 7 7
FUROA e EUBEBIE L, R UTLBNOXREE (L], Fl T~y F o) & HEk U7 B
BEM U, WETO~ Y B RGBRE (KPRE BB UTA) ) X 7~2320 ug/m* O T, %M
W TI21 pgim* Th oo, . BUEEE CHREE Lo T e T s FUBE (STY) 13
FERET193 mIU/L, XfREFETI66 MIU/LTH D . IRBEHECTAHEIZE 272 (p=0047) . LInLZed 6,
WREERE A~ T RIS W TR, B, EIRERIC X U (B0 NBUTFRREE) | AIREEREC
N HxEEE (Rl T~ v F o) LMETOT 0T 7 FUPREE I U A0, RSB %)
EEL Y bAEICEME (p=003) . SREE CIIdREE L FREE (p=057) THY, %¢7Vﬁy%
FEEmiER T a T s FURE L ORICADOBIBMERA LN, —J7, BBEE IR~ H U REIC
WK, H, EIRE ﬁ XL, FUREERELC ﬁm?éﬁ%ﬁ(E%TVy%/ﬁ)tmm¢®7m77
T UPREE 2 HRE U725 BT, AR, PIRERRE TR IREE L OF BRI DR o720 mRERETHE
LW@T%OkA@=Q%)Oﬂ¢7/ﬁ/%gkmm¢7u77?V%EE@%@ﬁ#ﬁT%Ok;
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(Al #)

ENZDWT, FH DITEW NI Z S PEICRIT 2 TRV & 0 | W IZHBIRIMR D 2 W A REMERY B 5
ELTWD, MmiEHA e B BRE (EIFEY) 2o Tid, 7 a— /Ui R Tk, BERET
151 ng/lL, XIFREECI23 ngLTH Y, BBEHEO ST NAEICEWIER TH -2 (p =0.001) , MiFHA >~
b EUBREIL, KT~ oA ARE, I~ o REFEO R T ORTGE~ — I — & O T&E— KGR
DRI o T, 708, UL T~ U U HTEIE & 2l S =238 O BYEEE IS\ T, MigH o
TRI I FUROA e EUBERIIE LTCRERTIE, 70T 7 F UREIZOWTEBIE OB T (15D)
F OSKERBRE & Lt L CEN R o Tm, ZORERICHONT, BE ST, WM TFEKICBIT S~ v s
D, BBEOEIRC X > CRIMAICEE 92 AR RISz LTW5, £/, A4 e EVBRER
B DOBEH TR OHBREL Y bAEICES ZOBRITHEERO L b Y MidOMRERE S 2R LT\ 2 A
BEERH D, WHEOL 2 — MG ENIWE (v H o ikEte) CMOEEREERNICL-TH &
SNTEFEEEN DD Z RSz & LTS,

Kilburn (1987) X, A—AX N Z UV 7O~ T GLDH D 7 V— K « 74 7 REORERD
JEWR L OEAERIZOWNWT, ~ o U UgiE &L OREMEAZRE Lz, B A HEHREIC L, 1975
~198MFED D JFFERIZI T HFEFEFE (L,000AR]) (F42TH VY, A—A + 7 U 7 ILHHEMN O RO
29.5 (1982~19834-, 1984~1985F-DFHMICFED ) LR THEN -7z, F7o, 1975~1984FE D /LR
234D OB, FEREFN 8AITH BV, 1975FELUREIC A E e FHHT DWW T OMRR R 22 fi A T,
REF9. AT, WhRER) K OREKGEEB OFIBEN A bz L Sz, L LR s, RO RER
RMFR PR AEAE R ONW L, MO T — 2 BRI TE LT, MEtFHRorb STl b
T EE O LRERNGO N DTN BN O SR OREREMOA B AR T2 Z &5
WECThHHELTWD, Aol M~ T RESOBREFHROTE TR0 - 72,

Takser®> (2003) 1%, 77 & (VNVU) @ 1 ERHEBRIZ 23D T2 24THH DO BERE 22 it o O 2 & O3
R ARG E LT, WIS DS MER OB O~ o LR L RO MRESRE (B% 9 AL 3%,
6 kR & ORLEARA Lz, KR T ChNEOMRI, REBOZEKE) 2% L <, Wimh~ o0
VIREE L PO~ v 1 — L —GCIFIREFEMRAE & O BhEME A PRI AER, SR CIE~ Y W RED
Iz, BIR - IR oEE T, ESENRTEE. BROFHEOR T ORTRA LN, ZORSR
X, BT UEWIRIEOFES TH, L Lotz AR 9y HRODN6 T, i~ v
TR LA & OBIEIZ A bR Do T, Flo, RIS V- O ESE, ik, BT o
~ U PR & TR OREE & ORICBIEIZA DR o Tn, KGR T (MR ERER], NE MR,
HEURT OWRE) & 0 U C Dol M b~ 2 H R L s o EE 2 7 I AEY (R
— IR THHHEENA=Y U (HVA) . B b= TH L5 Faf A R—
VEEEE (5-HIAA) ) & OBF#HZFIRFER, WFICADOBRRALNTZ, ZOZ b, FHE LI,
U DBEBICE ST R 2G0T ) 7 I VEHORENEEEZ I WA H D & L, T
BN TOY B ~OIEGEN R OMRER # I B E KITT R A RIE T 5 & LT\ 5, 7235, ’E#
(b)) O~ T ~DOREFEPIIFFE SN TE LT, WMAREE & O M II A TH - 72,

Ericson® (2007) (X, 1,364% DIEH 728 R 26t G & UTo & Faid (199140 HBRMR) DT — & »
15724004 OITENECER & | 11~ 13 RFIC T 72 Fdi 2 - T, 40044726 7 o Z Tl L722740 (B
R114 . & IR164) I2DW T NED RO = F A VEIZILE LTc~ 0 IREE (FEUR2008 , 62~641F (“E
%7 HFY) ) L/NROITEN L ORE AR Lo, HI, EIR200 T D im e S v, 10~11
BCHIT A Z LD AR OSSR IR20 O~ o H U EBRIEEE & | AR O =T A VBT RED O
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(Al #)

K63 (27 HFRY) O~ HUBBRIREZTLH L TCWD I L EZEA LD TH D, ZDOREE,
YER200 OO~ o 7 R FE IR 1T/ N R AT BN N (36 7 i TR LI ToOHEDY, 54H R TO/NEA b
N—T T AN B FEKROE 3FAEORE & BN X 2/NRITE T = » 7 U X L OFHi, 5 3 FED
S IATEIEE OFHE) LA ERBE (RAaT7RNEW) BNbotz, WO F AVEDO~ T RE (I
HR62~64H TR S D) 13, 5 1 574F « 5 3 FFEDO/NRITENF = » 7 U A FOFHEll (FRhic k%) &
DHAFEALTW e, £, RICEENDL YT, $h BROREEZ 0T L7oRER. AR LK QAR O
~ AL & ORICHBEBRIT AR o To s HAERTO~ L gk E ORIZITFEBRMR (r=074, p
qmm)#ﬁ%ht(ﬁé% X772 L, r= —006) , 7272L, ZOHREIIE, WIEHEENDLY B
DEJEDOPREITFHEH STV,

EMERT—42

R ABREER
Lown & (1984) (. MDD Swiss~ 7 2 (ICRR) 2. b~ r v (MnOz) 0. 61 mg/m® (1%
I O REE) %, ZHhei 16 WA (78R/A, 5 HAR) | btof'&]\éﬁ B1RIC, SRR
IREERILUCE D S, 0 7213 61 mg/m® & 17 HRIW A SH7-, HAER %ﬁ%f:@kvyﬁy
~®% %ﬁ@iﬁéthX(x%mﬁwﬁ%ﬁﬁ LoT4@y %% MREE . MR —JENREE . JE
Ha% . FENREE —IFNRER) ICECSE, AR T BICREKOCAIES), £% 45 BITE T A —

%”gﬁﬂzﬁ*a% AT, ZORER, ZBATE 3B %IC b~ o T DREE T I~ 7 2D
i"JI—JH’E GF (=W xf%ﬁiib%gbwto SRR b~ o 0 NTREE L. HERICITFFRE TH -T2
H~URZETHNTR ZHAHT - B CIHBEOR~ T RIZETHNREEK LT, A% 7THD
(RE IR > 7228, ﬁ%ﬁ@xnﬂimﬁxoto Fio, AR~ T A LE TR~ T AOZMER% O —
fet~ > 7 o ~DUgEERBUT K 2 41% 45 H OVEREAC S B) O R OV T A b o 7z,

Dorman & (2005a) (%, WEHED T » M2 0, 0.05, 0.5, 1mg Mn/m’ OFiifg~ > H > (1) (MnSO,)
Z, BRI 28 AW (MEIZIZACKLHI £ ©, MEIZIZAEE 20 H £C) WA (6 FFff/H) SHE T, HELAW
FEVE DR D~ > PR BTN, EORE R, METIZ, 0.05 mg Mnim® Ll EOBETiD~ > i
JE DRI Z 52, 0.5 mg Mn/m® L D RBE TN DGR D~ > PR O INZ #8572, I TiE, 0.5mg
Mn/m® BL OB TR D ~ > H IR OB A2 FRO 7275, iR, W, Jifi, SHEE CIE~ o T REOR
BREINIA LN oz, FHOIZ, BBEOREE~ T (1) ~OREIZE > T, BEOKIRIC
VU MEREINIZ AR S D EBEL TS, ok, MORE, MasEE, FIERBIC OV T,
~ 7] v DOIRGEIZEE L7 BNIER D b o Tz,

Dorman & (2005b) &1, Sprague-Dawley 7 v hMfRER 10 PL% 1 #EE LT, 0, 0.05, 0.5, 1 mgMn/m’
O~ > (1) (MnSO,) %, ZHALHT 28 A2>HIE 18 A £ TR A (6 KF#/A, 7 AME) St7z,
oy FOKE, HEERICEEILLNR->7=08, HAERTIE, 1 mgMm® BT, 4214 19 BT
HIEMOH], £ 14 A5 45 AICHERDIKR T 2R 072,

Dorman & (2006a) |Z LiUX, HEDOT B 7L (4 ~6 L% 1 BEE LO) 2, Wilig~ > 4> (1) (MnSO,)
O\Q%\Q&IEmgMMﬁ%QOHﬁ(6ﬁﬁﬁiEﬂﬂL)&léﬁtF% 0.06 mg Mn/m® 2L L=
BEC, WREE~ORBII o7z,

Erikson & (2005, 2006) /%, CD T v RMfRfES 10PC4 1B & LT, 0. 0.05. 0.5, 1mgMn/m’DFi
fe~ 77 (1) (MnSO,) % ZZHdAT 28 HNDATIRMIM A #% C/fiE 18 H £ CIMAESHE, HAENREZHE
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(Al #)

19 B (Erikson & 2006) % 7-(XMR@EHIMKE 74 3 (Erikson & 2005) CTHlll L. 5> fMaEE (/M.
WERG . PR THEB, MRER, MREM) IOV TEME A b L RICBET (L2 RT A —%  (Filg{b'E <
DTN I ARG Y LR, Ful KR EES (TH), A X uF4xA (MT), Zb
SZF A (GSH), BB V2 F A (GSSG) ) Zii~7-, WiH 19 AOH# (Erikson & 2006)

TiE. 0.05 mg M/m®LL EDRET/INIM, BRER, SREIKRD~ o 1 RN IRRED 2 ~ 3 RFICHIN L T
. 0.05mgMn/m® L EDRED/INIKT GS & o 37 B L~V DI, #4ET GSMRNA L UL Db
HREAART THMRNA L~UL DA, 0.5 mg M/m® BL_EDREDHFRSAET MTMRNA L~L D, #Eeik
T GSH LUV, 1 mg MmEEED /N T GSSG L~ L o #Ef, 0.05 mg Mn/m® J2 T8 0.5 mg Mn/m®
BETIRERD TH mRNA L-UL D, 05 mg MVmeBECILER D GSH L~ L Db 23 T-, — 7. 1%

BRI T4 3 DB (Erikson B 2005) TiE, 0.05mgMn/m® Ll EOFED 5 S DiNFEE T GS # /%

TE LD BRERIART GSMRNA LL . MT mRNA L UL D 7N R ONMRER C GSH L1
O HBDT-, F7-. 0.05mg Mn/m® T8 0.5 mg Mn/m® BEDORLER T GS mRNA Db, Wi M OWRIE
THT MTmMRNA LV DR 2RO T2, FHE DL, 2o OFERIL, FEAROSHAERN O~ 77
~OIREFZZ J > T, IMEE TR LA b U AZEE T 5 (L FH N T A—=Z D LU EET 5 2 & &R
%?é%®tbto

HaMai & (2006) %, FEWNCHEHICIS T B~ o 0 L IRER & INGEI TR A b L ACRAEIZ B
BB fn 3B & OREM: 2 5 7260 |2, Sprague-Dawley 7 ~ k& W= AGRBR & 1T 72, 0.0.71mg
Mn/m® Dffiis~ > 7> (1) (MnSO,) %, i) f:F v MR AR ON10 Ao 2 AR (2 EER/H) A
SHETRER, i) A% 37 AT v M2 10 A (2FRF/A) WA S8R, Qi) 7 v MR 9
H, 100A®2 A (2E#E/A) WASE, HoN7BEMIcAE% 37 A2vs 10 B (2BF//E) WA
SRR 30 A FE L, HAEREITERT v FORICB T HEEA b L ARKIEIZRHET 5 ¥
VRZED MRNA LoV EIE L2, RBR ) TIE. 7oA RRIBRMAZ 828 (APP), 7 ot
v F—1E-2 (COX-2), MM —mfbeE R KEERE (NNOS) KO U 7 #ikErEmstEE R (GFAP) @
MRNA FEBL L ~L A3 Uz, 3R i) i, &R i) & [AERIZ APP, COX-2, nNOS, GFAP ® mRNA
FEHLL AL LTS, A ORREEIFRER )L 0 b R&E o7, Fio, IWHEIRREMK T B (TGF-B)
® MRNA EH L~V T HRD bz, RBRiii)ICBWVTEH, COX-2, nNOS, TGF-B @ mRNA ¥ 5
I/f\/W){Jﬂwh WO BT, P OFE R aft%ﬁu)ck DH/hNShotz, BEEHEDIX, TERN~ T UgE

R RIEBTHGEAR T RBLN I S Ao 7o ol ] (BE) TIIREE O EN T L Tz & B
LTV, 7235, BB i)~ii) o AR F 720 i%%'muﬂ’%? > N O~ T R EEIIR RREE & AR Th o T,

ERER5EER

Chandra & (1973) (2 LU, HEw 52 250 mglkg D gk~ > (MnO,) % Hilal, K& NEE
L. 47 A%ICHR LoRER. R OBEAMBROEZIE, e LR O, RO RHa b,
8 » At OHICIE, KM LR ORI, R R & O D 72 28 M . RS TER DB D3 B 4,
AL O & ARl S TR, AR Th o7,

Seth & (1973) (2 LAu, HET Y FIZ _f{b~> > (MnO,, FifE5um LLF) 0. 110 mg Mn/kg %
KNG L7 BR T, 110 mg Mnvkg BE TR O 28, K IEEA, BRTOT7T /v FUERA
774 —€ (ATPase) K O'a 77 b Fas—E€ (SDH) OIEMEE TR A LT,
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(Al #)

EORE - 200 5REBOER

Batainen®> (1998) 1%, KD Sprague-Dawley” » ~ 8 ~10L% 1 f L LT, fifg~>H > (1) (2K
Fi)  (MnSO,4 2H,0) % 0. 1,000 ppmdD i T12EMHOK G L, T D%, MALE O & 238 S w7z,
T v N OWRBEITE), YATE), ZHER~OFBL L TR, 1,000 ppmfE THRE OGN, K%
DU O E RO, MATEIOME] FRFACH R OIER) | BWRMEOIR 2324 54172, 1,000 ppm
HEOMIE & AR U 72 ME TN IRE S G IN L7223, SRR DOIK FIIA b o7,

Ponnapakkam® (2003) 1%, HEDCD-1~ v A ZHEfE~ > 0, 75, 15, 30 mg/kg/day%43ElF’Eﬁ€§%'J
&P L7z fE 5, 7.5 mg/kg/day Ll O RETRE B OWEEL B O RS 15000 A B TR A L7
mg/kg/dayLh b DRETHE 7 DOIEBNR DI T, 30 mg/kg/dayfE TR HIAE B O A 7807, **%Ei&
USRI DWW TR BN 2o 7=, £72. 0., 30 mg/kg/dayht % BELLE O & A8 S E7- R TIE. %
F52:1230 mg/kg/day R DHET81%., *IHREE (0 mg/kg/dayRf) DOIETIA% Th-7-75, Z OO R T
A—=ZFFRRETH- T,

Laskey > (1982) %, 4T L7zLong-Evans” v k 8 L% 1 fE L LT, #:% 20 ppm=E 7213240 ppm% & T»
FEREfEENC, Uik =~ > (MngO,) % 0. 350, 1,050, 3,500 ppmdiEECHshmL., IR 2 Hov b
I A U RS U, RIS S [FERO R 2 240 A i £ CIREEHE G- L7z, ZofER., AR
DARFEEEE (8520 ppm) D 7 L— 7Tk, ML=~ > 5 > 733,500 ppmEE D IERE T, 50H b % TIl290%
#2SET L, 350 ppmil DO FEDMERE CTAREIEIN O 238D 72, HETIX, 1,050 ppmik EOHE (40, 100
Hiin) CHEERORD, 350 ppmll EORECREICEKTE Lz fiEHh o7 A A7 v U REOKT (60,
100H ip) . FEE BHROKE -0 (100 #) A bivlc, BEfFOW%ET —% (60H fin & 100H find
MIEFOLH, FSH, 7 A M A7 v O, K BROHFH) (1252 HRIRZE W T, A58 T
A L7100 s DREZ 3B U725 . ARERERTEE (8520 ppm) @ 7 /L— 7 DIk =~ > 77 73350 ppm®
FEC 7/1205, 1,050 ppmHET12/12PEA360 HinAH Y & HIE SN2 Z & D, v U ~DIRFEEIZ L > THE
AN LB 2 BivTz, F£72, 90~100H fin T, [F UIREERE D R 2 22l S 7o k55, 3,500 ppm
BEOMECZIERDOIK T 25807,

Elbeticha® (2001) |%. Swiss~ 7 ADMEMEC, Hifb~ > (1) (4/KF4) (MnCl,-4H,0) % 1,000,
2,000, 4,000, 8,000 mg/L DYEFEET, AIELATLI2H MK EE G- L (fET48, 76, 154, 309 mg Mn/kg/day. M
T44, 83, 158, 277 mg Mn/kg/day) | #x5-HEDOMERE A Z 2 AU HEALE OMERE & AR S 755, T
1,000 mg/LLL EO#E T EHEOWEIN, 4,000 mg/LLL EOFECTHIRERZROWEIN, 8,000 mg/LEE THIKZE &
OB IR OA B el 2581z, £7-, HETIE8,000 my/LEE TCORZIEROAERKT 2580, #
HEEOIE L A/ L7 ECIE, AR, AR AL IR A~ DB 72 Do 72,

Leeb> (2006) . 15H D kED Sprague-Dawley 7 » Mz, Hifk~ A (1) (MnCly) 0, 10, 25
mg/kg/day % 48 H it & 72 1355 H v = CHRAERE D&% 5- L, M o ORI R VT R E . BRI
WCHRT, ZOfE%, MNnCly% 15 fiin» 555 H i & T25 mg/kg/day % 5- L 7-#£ T, Mg+ O E R bR
T2 (LH) | A LrEy (FSH) KOT A NATa v OREOFEREMN, — B TEES (1
Ko7 0 oA (DSPIFER) M OREREEOHRAER (9) H2 OFEAR (DSPQ) ) OB
MBED HNTZ, ZDOZ D, FHOIX, v B OGN ATRERRT (prepubertal) @ EE AL
FVEVHANVE Y (LHRH) OHA5I&EZ L, LH, FSH, 7 A FAT RV ORELZ®ED T, &
TR AZ NS T 572 8, <HREEL U & AFHATREREH] (pubertal) DBRMA RO 2 AlREMEZ TRET 5 & L
TW5, 728, 10 mgkgdayft Cix, 15A#NHA8H L TOH G, 15A#N HE5H R E TOHE G- D
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(Al #)

THOLEITBWTHIMIGEHDOLH, FSHIEE OZ kiZ72 <. 25 mg/kg/dayfED15H i HA8H fin £ TH
HLEBEAICHOWTIL, MiEFOLH, FSH, 7 A2 M 2T 1y, KOS RO SNT-0, BB
YL DOTIE o T,

Torrente’> (2002) 1%, Swissv 7 A%, fgH 285#], KEZETL CA N AE 5257 V—T7 LK%
EELRWTN—T130F, EnEno 7 v—77T, ik~ (1) (4KF4%)  (MnCly-4H,0)
0. 1. 2mgkg/day (MnCl,& LT) %, iEHE6 BMNDI8H TR FRE L1-, TR, B~ AT
. A MLV AOFEIEL T, KRE, EIRNIE., —EH720 OBRESE CTREICEE LRI o
7223, 2 mglkgldayfETld, RIROAFROET, HAROBRIRCHEE FEORELEO -, HAERTS
~80H TiX. motor resistance. [HAfEE), S BAEREE K9 2 B GICEE Lo BT o7,

Sénchez & (1993) 1%, M Swiss albino ~ ™7 % 20 L% 1 & LT, Hifk~> > () (4 /KFn4)
(MnCl,-4H,0) 0, 2., 4, 8, 16 mgkg/day %, #Ti6 A5 16 HE TR TG Lz, ZOREE,
R~ 7 AT, 16 mgkg/day #D 32% (6/19 L ; H{HJiL 20 L, 1VLARH) 2% L. 8 mglkg/day LA
L oRECERERIMOME], IO & E 72 133 E & O 16 mglkg/day £ T B OAE K& OFH
XTEBEOEIMNZFRD T, HRE. B OWIAR, BB OSFE T, M ~DREI I /20y~ 72728, 4 mg/kg/day
LI_EORECTHR IR OB Z 78 7=, F£7=, 4 mglkg/day LL_EORETHRE O faE 558 ot R IE A3
8 mglkg/day UL EDORE TR DIRIRE, BATAE & OMLEEE OfLEBEAE O FEO v,

d. RESH
~ U H Y ORIEFMICET D EE MR A RIITE iz,
ANTiE, BEELIZE T 2Tk OB O, fEF DIgENK UFRE-= B~ RGO
/b (Boshnakova® 1989) . M ONEMRZE I @E BT H1liE 7 0T 7 F o gE o EF (Ellingsen
5 2003) MEE SN TWDHN, MOBRE~DEREENH D Z L0, HEICEET 531 A~ —7
DU~ N 2N LB REN TV D,
R T — X XY T 5o Tz,

x12 RESHEOME

Boshnakova & (1989) (%, ~ W U ICHR#E (MBFEHEE 290~640 pg/m®, BEEMIRIIAI) L. #EH),
BRE DEEEG 21T TS BIEERE TC, TR L OB MR OIH], MiE+H o IgE X U% E-n¥ v MEK
MIAOWL» DT, L LARS, IWETIZa L b, —BEEESESLEROWEICHLIRE L T
oo, v A ORI LN TR oTz, Flo, T ORBENGE REREORE L BE LG
DNE I MBI GINTIT o7z,

Ellingsen & (2003) 1%, ~ v H o A@ApE LSO BTG #E 1004 &, 1 x5F 1 kS & 72 2[Rk &
LEEO TGN BFEM T~ v F 7 L 100 4 &5 EE L LT, Blfse 2 £ L7, FrBEHE o~ 0
VS DOIREFFERITE)T 200 4 (HiPH 21~41.04) Tholo, HAY 7T —THRIRL B LD,
VEEBOW SR U A D~ > 7 % (inhalabledust, (%)) 13 301 pg/m® (#EPH 9 ~11,457 pg/m®)
Thotlz, R~ T ARE (SMEY) (13REEERE T 0.9 nmol/mmol cre, i} E#EET 0.4 nmol/mmol cre,
FIEIZBET DA A~ =T D5 RO 6Tz FR IR~V A% o —BHiRORE (EilE
%)) IXMRFEAEC 3L8 U/MML, XfHREEC20.8U/mL TH Y| MG T 7 FURE GBI (XgERE
T 229 mIU/L, XFIREET 197 mIU/L Th o 7o, 1EEREO~ 7 i BEOMREE I 4 F W 7o =m0 A
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(Al #)

TIiE, HAREAV A% 0 & —BHUROIREEIIMERESF O~ T RE L OBBEIIA S Rino Tz, Mg
70Ty FUREIZOWTIL, FAEREORE R COREMEDORG VR CA D~ 77 (soluble inhalable
manganese) ~DIEEE, 1R iE M & QWU EE & BEMEN Z H AL, REMREE 450 72 97 Om A RF o
R Tl IR IR 222 1 TV di@d TR EICE < . BEE TITIERES L biE 7w T 7 F IRE
PEoTe (ET' 7 T 7 F U RET, REEREAFET 2RBNHL 2 LRI Ty, AdK
RS, FRIRE, 2FMET) T~ F—F7 2L OBEME LRI TWD,), o, REICRET 5
A A ~—T (PRI o F—BHUR, FUETUASE) O L~V ITIRERE & R CTRBE Th -7,

(2) EEFE

EBEHREFIC LD A R T4 VMEFORERIE TRIR L, 206 OFE BT O % £ 13
WZE LT,

F WAL L0 | EEHERS CIx, MRATEFAOMRE ~ D (MR TEN PRI A DAL
M) = RARA v b LEFHEATHOIL TR Y, Rodds H (1992) XiE Lucchini & (1999) @
HROWTHLRNHNLNTWD, FEHliCIE, WIh o, W AMER U A (respirable dust)
DRZFBET —ZEHHL TN D,

728, Roels 5 (1992) & Lucchini & (1999) T, #¥ U A (tota dust) (245 5 AMER T
A (respirabledust) DOEFEGAHE72>THY, Rods D (1992) TIE - 25%., Lucchini & (1999)
Tl 40~60% T~ 7=,

TRIOR LEEEBREEED 5 6, AT ZREE (2010) (2OWTIX, Lucchini H (1999) (Z4&
SWAMEN CA (respirable dust) D7 — % 5% 7E L 7= Reference Concentration (RefCon) 0.05
ug/m> OMLIZ Lucchini & (1999) D 1277 S 7=k U A (total dust) 2 % F 7= 334 0 LOAEL
96.7 ng/m® 7> 5, #8K U A D 40~60% 1B AR LA TH D Z L & B L TR - RefCon
& LT 0.03~0.04 pgm® &k L, Z OfEiE RefCon 0.05 pg/m® L 1ZIE—F T 5 & LT\ 5,

eS| X AR HA RTA AMElp Y

o JiA N7 A Ul (FFEFHMHE)

WHO BN 55 &

0.15 pg/m®

Roels & (1992) IZ 55 < W AMER) U A (respirable
dust) 7 —% Zffi H

U.S. EPA

1993

0.05 pg/m®

Integrated Risk Information System (IRIS)» RfC
Roels & (1992) (235 < W AR U A (respirable
dust) 7 —% & fiiH]

U.S. DHHS

2012

0.3 pg/m®

W APE (respirable) ~ > (M~ o A At
a¥) O1EME Minimal Risk Level (MRL)

Roels & (1992) (235 < W AR U A (respirable
dust) 7 —% &

BT SR

2010

0.05 pg/m°

W A M (respirable) ~ > > (PMgs *¥1) o

Reference Concentration (RefCon) & L TEXE

Lucchini & (1999) 1253 < W AR U A
(respirable dust) 7 — % A fifi H

B 7 =T EPA

2008

0.09 pg/m®

14+ Reference Exposure Level (REL)
Roels & (1992) (235 < W AR U A (respirable
dust) 7 —# Z{EH
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(Al #)

(=)

BRI A E A A RTA ANl &
o s A 0.2 mg/m? ® FFIEIE (= H Y RO~ A ACAY A

A APEE AR 2008 (200 ugi®) AL AR )
0.1 mg/m® ® TLV-TWA (v v (LM OERK~ 1k
'(100 ugi®) EW)) , Ws MR IRE (inhalable particulate

ACGIH #2 2013 matter) — _
0.02 mg/m® ® TLV-TWA (v (LM OERK~ 1k
(20 ug/n’®) ) , WAPERLT-IRY'E (respirable particulate
HO matter)

% 1 : Reference Concentration g% & DARHL & 72 > 7= Lucchini & (1999) O~ > U ARET —Z 1%, W
AME (respirable) ~ > > & LT, PMgs & filifE 3 2 3 & 2 H LTTXE&LT;%O)“C%Z)
¥ 2 BRI TR (inhalable particulate matter) (&K, ki (droplets) % &2, ZE5% @))%
#2100 um ORLT-78 50% BN HY > 7T —CHES NI LD Th 5,
WANERLFHR'E (respirable particulate matter) (3 4 pm ORL 73 50% b L 7T —
THEINTZHLDTH D,

x 13 EREEFOEETMOME

WHO BN F#5 R (20000 (X, Roels & (1992) 23#E LT\ 5 @b~ (MnOy) ¥y U AT
W L7298 TH DA ATEN 2RO RE~ D (MRATEV 2RO EF ORGEH) 22 FaRA U h &
LT, Slob & (1996) M _>F~—7 F—2 (BMD) &I X Y HH L 7= BMDLyy & ' BMDLgs (BMDyo
J% O BMDgs @ 95% 5 #EX[E] D FIRME) &6 LI HA KT A4 UEEMEH L7, BMDLy % (¥ BMDLos (%,
FNEANER U A (respirable dust) # % 74 ug/m®, 30 pg/m T o 7oh 242 TRl L T BMDLgs
30 ug/im® % MR (NOAEL) & & % 7-, MOMBREHREREIZ LS BMDLe b K& < B % b O Tidde
2ro7= (Mergler & 1994), Z® NOAEL L &% Hbh b 30 ug/m TR LT, BEEIRE~OMIE 4.2 (8/24
REfiIx 5/7 B) 21T\, F72. BXONDAMERMEE LT, ADMEEREICHT 2 AieditEfe%k 10, $hIE
DIEFED KT D A EMARE S & LI A EMREBOGE 50 ZHEHA LT, A4 FTA ik
LT FHIE 015 pg/m® 2 3% 08 Lz, $hIEOFREE~D BT/ 5 R MR, ~ v T 2o
BWE (andogy) & L. MAOEOMENKAND 115 THIEOMBRITEN AR BENREBD bz Z &1
EXHbDTHY, BMERIZCLE > THEREBINTND E LTS,

U.S.EPA (1993a) %, Roesh (1992) A3 LT\ D gk~ A2 (MnO,) ¥y U AANZBRTE L71=57
B E CTH DT APRATEY FHOBERE ~ 0D S (Wﬁﬁ@]?ﬂ’]*ﬁﬁ“@ﬁi%) DO/ hEEPER (LOAEL) 150
ng/m® (W APERY U A (respirabledust) ., SAREIREE B 793 ug/im’: 4F % P-4 I 4R 5005, 34E TFR L 72 1H)
b &I, HRREE A~ DML (10/20m><5/7 EI) %47 > 7-LOAEL(HEC) 50 ug/m*% k7=, & 5iC
%z%ﬂé?ﬁﬁ%ﬁk LC. MM NSk LC10, LOAELY BAMET 5 Z LTkt L T10, lxriﬁa%az
EL TR DRBEIE CTHDL &, ~ o T DILEFEREDENC L B EOE VN EELTE T
RN & RORAEFEDOFRMA RN L TWDH Z LIkt LT10, MlEEMEMFREOEFL,000%@H LT, %
AReference Concentration (RfC) 0.05 ug/m*% &% 7& L 7=,

U.SDHHS (2012) %, Rods & (1992) 23 LT\ 5 b~ H > (MnOy) ¥y U AIZHRTE LT-
7 EE TH DT MRATEWERE ~ DB (MRITENRMIRES O O E—-RIGERE, FED
AFLIeT —% % T BMD iE% W TR L7=, Roels & (1992) OMEATEN FRIMA D 5 b il
EERAED Z a7 2 L, [ AREGET — % LT, BMD 1T BMDLy (0.1426 mg/m®) Z & H L,
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(Al #)

WREERFIIC L DM E (8124 FEfix 5 HIE) #1T-729 2T, mfind. L., NEOREZME, BHEFEE,
IBE N KRB . TR O R & B IR 2253 5 A AR5 A 10, THMORENE, s
P (RIVEME DAL REIC K B mEIE W, /NEDIROFEE~DRE, AR AFEOFERORE, BHR
ANIRFEIC LD EE ~OEEZONTO0 R R 720 2 LTk 5 A iEFEfRE % 10, AFF 100 DA
We 4R % %A LT, MRLO.3pg/m® (0.0003 mg/m®) % & 7E L7,

717 Z R (2010) 1, Lucchini & (1999) OEIZHED & FF DO AF L2 AR U A (respirable
dust) OF =2 ZMHWT, ~ B U ZREE U T2 778 OFRATEN 2RO A L O R A O RICOWT
O & —BGB% %, BMDE (Crumpd Van Landingham 1996) Tt L7-, BT — % & LTIk, 1%
JEIZ 31T DWW AE (respirable) ~ > 77 o DRI FE K O AR D 5 AF I F51F DWW AME (respirable) <
VI DSEEPIREE B FN T, 7eds MR TEN FRURMRA AT O 5 AR OB EE & IV 5 o — AZDUW T,
AT Lie~ > DI VT 7V ARBEUNTH DL EEEBELIZLDOTH D, TORER, BMCLgs
IVEEIE T 1T 5 e T L7 35 8121350.5~58.8 pg/m®, MiAT BT 5 4ERIIC I8 1T 5 e s CFF
BLUSA101319.2~353 ng/m3L Ze o 72, ZHUBDBMCLeslZ R LT, BEEMEIRED) S R RKEREE T
DOUEFEA~OHHIE (8/24M[x5/7 H) #1779 2T, EEZEDT- DO ARHESEEI0 (g, JLIL,
ANRHIN—F Y R IBEITR R . AN REBIE . RO RREEBE) |
HANAR L TWD Z LI KD AHEFARERL0 (RIATE D LT RE~ DIRER O W REME, ~DRAT D Wi
PE, HZERTOREIC X 288 COBRORE) ZHEMA L, 155172 5&/IME0.05 png/m® (F/NDOBMCLgs
19.2 ug/m323-5<, LuriaNebraskaf#fTEIAMA N v 7 U —ORAET — 2 & V- 5HERR, ) %
W AME (respirable) O~ 77 (PM3s) D Reference Concentration (RefCon) L E%iE L7z,

IHIT, AT HREE (2010) 1%, EFLO BMD EIC K DG & IEANC, Lucchini & (1999) (ZFCH#k
D& DT —H DFRFHIES L RefCon $5EF L L T/RLTWA, BIG, Lucchini & (1999) X~ 7
VAR L7257 o AFEREIEE (CED 226, MATEIPAIRRE~ DR (MRITEI FIMREED
RAE) O LOAEL % 96.7 pg/m® (k¥ U A (total dust)) & LTW575, B F R4 (20100 T, #
By U A D 40~60% W AMER CATH S Z &0 e, WA U A D LOAEL % 38.7~58.0 ng/m® & 5ifh
L. D9 2 THEMRED O — K KERE FOBRE~OHIE (8/24 Kfilx5 AMA) . FSieRfAEL L
TEERZED DD 10, HROREIC L D 10, LOAEL 75 NOAEL ~DAMED 12D DO RHEFERE L LT

WREOBEREMEN EA2EBELZJ10 (3) ZiEf L, B0 RefCon (W A U A (respirable dust) )

% 0.03~0.04 pgm® & L7=, B Z % (2010) (X, Z Ol RefCon 0.05 ng/m® L 1FIE—E+5 & L
TW5,

10 7 V=T HEPA (2008) %, Roesh (1992) DO#iHIZEIT D b~ 2 T8 CACIREE LT-
I CRLEE S LR TEN R BRI O ] & — RUSBIfR A2 . BMDIE (U.S. EPA® Y 7 F 7 = 7 BMDS
version 1.4.1b) & W TIRIT L. 5 %888 (BMCos) DI5%[SHEXHE FHRE (BMCLgs) & L CHH
Enr=72ug/m® (BAVER U A (respirabledust) #2%) (28-S & | HEHREHE ~OME (10/20m°<5/7 A)
Z1T-57-BMCLgs 26 ug/m*z k7=, S512, EXONHRHEEN L LT, HIBMRETH D = LIkt
LTV10 (=3) . AOEED IS FFvaFxxT ¢ 7 2k LT10 (TR O T ok
DEVZW) | FXTaFAF I 7 RTH L TI0 (FRRENEIC LTt OEZ R L0 KEV) 2%
L. RiEFMEREDOAF300% A LT, WADEM:Reference Exposure Level (REL)  0.09 pg/m’% %
E L7,
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(Al #)

HAPESEMTE 4 (2008) T, MHRFEMEICHOWTIE, A~ B U A 0.25~0.95 mg/m® T
BT 55 7% (Iregren 1990 ; Roels 5 1992 ; Wennberg 5 1991) . 0.2 mg/m® (Myers & 2003a) . 0.18+0.21
mg/m® (Gibbs &5 1999) TIXHERL LNV L, WA~ T B LA 03 mgm* TF s 7 F o
K OEAL A LE > (LH) O EREAZ S5 Z & (Ellingsen & 2003), 0.97 mg/m® THEMED A FilRE DK
THHbND L (Lawerys ©H 1985) ZBiE X, MIRETRBROA LN D MRERENED NOAEL 73 0.2
mgim® T2 Z L, FFRIEE 02 mgim® (w2 L RO~ B ALEY « B~ o B AR
) EREL TS,

ACGIH (2013) %, ~ o W 3Mkas 6 ORI R b e S s & L, Rods & (1992), Mergler &

(1994) . Lucchini & (1999) “&DWMEIZIBWNT, WAVER U A (respirabledust) @ LOAEL 7% 0.03~0.04
mg/m® D#IPHIC—E L7 2 &b MRS~ DB A BN % 7212 TLV-TWA 0.02 mgim® (W AEk: 7-
KW'E (respirable particulate matter)) Z8X7E L7z, EHIZ, ACGIH (2013) Tidk, W AMRIFIRMEIC
*19° 5 W B PRI IR9)E (inhalable particulate matter) DR FELL % 5 {5 & L WL B PRI IRE O TLV-TWA
LLTOoImgmi ARE LT,
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(Al #)

3. BRFFHE

(1) XKKRHPO7UHUDER

~ AR, BRI b, Bk, IREREE. A BRI, UV@W RO Y B 7R
iﬂc1m@%ui®ﬁ%’ainffﬁﬁé(WﬁNMﬁW@ B O~ 2 H o ORERLEIEK
0.1% T (NASNRC1973) . HEAEOH Tlxgk &wf%<ﬁfﬁ6 (Cotton & Wilkinson 1972)

REHNUZ iﬁb&tﬁ#QV/ﬁ/ﬁWMéﬂfwéh:kx¢®V/ﬁ/®2w H AR E R
LD LDHELHD (Stokest 1988) , HimkH DA AN KE~DERPEHIRTH v . k1. 1
KE, EPO KRB b~ /OD?JFHj()EkiﬁOTD\%) (Schoerder - 1987 ; Stokes™ 1988) ., M
R CHEEE SNV RKUFIERL TR O~ U T ANTEA O EYLS 2 WITEERk & S Tn g (Zoller
5 1974)

ANBEIE T, FICSBHES, ia0RiE. 8. SBEE - RS2 X - TREAPITH &
1% (WHO 1981) , 1990FFEAHITIC AR CREFICHE N Sl ~ o T 13, BRETRDK 3 %
\CFIYS 92 EHEE STV D (Pacynad Pacyna2001) . DAED A &ERIRDO~ > B v DO RE~DHE
HIZ DWW T, BE R E OBREE~OPEH B ORS K OVEHE OMEE 1B+ 518 (PRTRIE)
TOHE « HeFHT L AUT, 2011FEFE121346.0tD~ o o DRZ~OHE BRI b RIFHEES -
B 2013a) . MRS ORAER TIXARAKNEBI NS LL IO~ H B RAHFI
ENEHE SN TS (FRFFEEY - BREEE 20130) . Kflttkas HALGESE . SN2, IR R
REE SRBGRIEER C BREW D ZERRERN D RKRA~O~ > OPHBNEITH b T
W5, HEHEOR b KREWVOIL, ks BRIEE TI12 RO~ 2 RAA~HEH L TR D |
PGB REE (9100 | BB ERIEE (Ko | S (K70 | SRESREE (W
5t . fLFT¥E (2t &, TNHLOEMTENEN ItEBA L~V U T2 RA~EH LTS
(F14, RFPEES - REA 2013a)

B~ HoMAbEME LT, w27 kN~ a7t o B L L TCOEHERSH S, PRTR
HETOHEEHZ LU, 201VEFE T A b 2413 tO s~ v T AL hsEihic et S hiz &
HEFF ST (RIFPESES - BREEA 2013b) . v WA 5 LB 230025, 13 A
EMTHEICHEL TN D LB LD (RIFFEESE - BREEE 2013b) . BfiZe & OERIZ—HBIER
KNDIREALTWDEEEBEZOND, T2, AV VR EDEMAIE LTHLEHK~ T ALEY
(MMT) 2HIHNTOD28, F’AETIIEH SNz & 0 FEREE R THE X220,

NBHKD~ U H DL F@R b~ v B O TRAFITHE S, REFCIEEICK -RH 5
UVRTRIERL TS G L2 CIFEET 2 & B 2 bivd (WHO 1981) . KEFICitth shiz~o v
DHI80% 1% 5 umLL T, #950% 1% 2 umLL F ORI & L THIEL (Leed 1972) . KB/ IEMENLIZ X
DIRVIAE N DHIHICH D (WHO1981) & TV 523, 10 umPLl EAY18%iT< 2 HH TV D & D
WELH D (Espinosas 2001) .
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(Al #)

&K 14 HAEOEEHDRIADY VA URVZDILEYOHLE (2011 F£E) (ke/4HF)

b5 T3 1,526
23 - oaRaniEE 242
7N TES 7,187
Fek 4 Jm 1 3 9,999
8 B SIS 2 4,891
— it B AE SE 9,175
AU B 3 87
i e EL B 2 12,497
FE 7 B o B S 2 1
PR NTEHE 1
PR IE PR3 460
— X BEIEW AL PR 1

(2) R&E=2VVT

KR D~ 2 T AZDNTIE, 1998F L) b BUE RKUGYBh IRTEIC D & | G AJEIRIZ X 5
BERKEREWEDORZERET =2V V7RI, ZOP T Iy ROZE DL O KR
JEOT=H ) U TBRTHhITW D, B, K190~300H1,5 T, #£92,300~3,600f {23 73 HF & 40T
% (BRBEE /K - KEEBREER 2013) , 4 Hh i O 4E B P H i FE o0 42 [E 413, i 25 134E #1225~ 37 ng/m®
DRNZH Y . BRENNTHATEZR LT DTV, Sl HE FEmICH Y (F15) | AkRs
HBROE=FY U IFEREZZTH, FEITHREOD L0 RME TEHA B AL (K2) |

AERKIGYEDET =4 ) 7HRE T, RAEHS 2 —BBREE, BAERER (FED RKOYNED
3O LTV 5, 201UEE ORAEIC LAUE, —fREREI CIZ P4 T20 ng/m® (165H15 @ 1.7~59
ng/m®) | FEAJRED TR T38 ng/m® (55HAT : 5.0~160 ng/m®) | INE TIE T2 ng/m® (32
Hig : 10~90 ngim®) TH Y | PHETIERAFFRL SR bEL Ro TS (K16) o BEROH
SR DBEFE S A & 2D & AT OFER AT SR L U TEBERMICOM LTI, INEDOH
AL S —REREL & D L @O S (13) o FEAETRELAD 1 T, P 23140 ng/m?
EHEZTWD

(E1) MEMEWEOWT N E IS - %S L T\ D LY - FEGORUN TiThbnt=2Y 7

BRTHD, BT LY, v T ROZEONEME R - EHZE L 0D TE - FELGORED
VIR S 220,
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#1565 IVAVERUVEDLEME=S2 ) VIRERROBE

(Al #)

(BfZ : ng/m3)

FETE 7 RS T ol A
1998 4 & 191 2,301 37 7.3 270
1999 4 & 216 2,604 30 5.7 190
2000 4F £ 222 2,676 35 7.0 180
2001 4F- % 221 2,665 35 0.90 240
2002 4F- % 244 2,940 33 3.7 180
2003 4F £ 270 3,252 32 3.3 260
2004 4F- £ 268 3,228 34 4.4 210
2005 4F- 302 3,634 33 2.9 170
2006 291 3,492 35 2.2 230
2007 “EJE 292 3,504 28 0.55 390
2008 282 3,384 30 0.33 230
2009 4 & 275 3,300 27 0.92 390
2010 & )& 270 3,240 25 11 280
2011 4FfE 252 3,024 25 17 160

> 40

E 35 .___£==___‘=;=,___‘=Q———— * ————Q~.‘\\\\‘-~—~_‘

£ 30 \ 4

4 o5 I —

% 20

K

K 15

D10

R s

P 0 1 1 1 1 1 1

2002

2003 2004

2005

2006 2007 2008 2009

Fik

2011

H2 AEASERMEE=4 UL/ AEORGHBRA (14215 OTUHURUZOILEANO
ETHREOHES

x16 MGRBEHFOI AV RVZDILEYOREERIEERYEE=2) Y

FHERR (2011 F5)

S o PR B/ N KR
| a SN ‘,‘J_:T\
X 252 25 1.7 160
— R 165 20 1.7 59
FEARE D 55 38 5.0 160
ASLE] 32 29 10 90
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(Al #)

ugg O— #3815
i — B 4 EESD

= 5 0:AE
K
!%12 | |

0 - . . Tl T —5

=10 10~20 20~30 30~40 40~50 50~70 70~100 100LLE
RE (ng/m’)
K3 2011 EEDIVAVICRIAERIEEYMEE -2 VRAERREDEESH

(3) R&EIRRAD

2011 FEEE DR ERKIGIMEE =4V o VAR I TIX. AR OIE R O )R
DIKAEIL 160 ng/m® T -7 (F 16, BBEEK - KRR 2013), = OHIAITERNEE R &
< U R OEDCED EH > T D FEEGOFRDIALET 2 REHS TH 5,

1L AEFEDAERKIGIMEE=2 Y > 7 iid BREIEK - RRERBER 2013) & 2011 4D
PRTR A (RRUSPEEY - BBEEA 2018a) OfERAENSOED & FETHEEN 140 ng/m’ %8
Z D HSDFAET B iETFNCIT~ v o O DL AW 2 REHFICHEH LT 5 N TEE L
TW5, 2« 2¥FE ORI~ I RORFEL A 75 L. 4R 30~55t ORI CHI %
VI L TV, 2011 4RI 46 t O RZA~OHREREITH BN TV D RIFEES - BREH
2013a).

72¥ | BREEAE K UMM 7 I JE RS 2003~2009 42 Fefi L 72 AR R ARGt L7 & 2 A, 3
SN (R 2) ORKTIEEL, 53 HUAOMMEY T 150 ng/m® Th ¥ . AERKRIGRYE &
=5 U2 IREORAEFED LA mOEERL TS, & <UD, BB 22,000 ng/m® &
BERRIGIDEE=2 Y TREOREREL LI~ L. 2HmWEE R LT 5,

(E2) =~ H U ROZDbEWaE g - fH% L T 5 T - SEEEH AN OBUhEL R4 Tirbh
FRIERERTH D, FVHME TR <, B3MLT THFHENHIE S 7= 24WF IR 0 B (i 11y
BECTHs,

(4) =B OBRELI

KL O~ OREFEIE, 1L A ERPRICE > TREZ 5 L B2 b5, HERKELEE
=5 ) 2 SREREFICIESO T, ERRA RS, TH6mE LT, RAOMERICH ) BARE
BUET S L. RIRBECO TS L CHLAI0 ngiday, T-4120 ngidy, FAEIRIEIL & 200 7 R
KAEIZKE LT A 2.4 pg/day, 7610 pg/day & 3B S5, (KEA K AS0Kg, Tt 10kge T3 &,
KB 7= ) OMEFERIT, B CONEBEICR L TR 6 ng/kg/day, Tt 12 ng/kg/day, F&ZETE
JELD ROV % & D 7= B KA & LT A48 nglkg/day, 196 ng/kg/day & Z1H S5 (£17)
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(Al #)

xK1T RSO SADTUAUDORAZEDETE (ng/keg/day)

[DIN Tt
T fE e KA I fiE B RAE
— Bt 6.0 18 12 35
AN 75 48 15 96

< B ATTRTOBHPICHFEELTEY (WHO 1981) | BfhiI~ Tk OZFolbEmoE
BRIRBRIE L ZEZ DN TN D, —M%ICIZ 5 mglkgbl FORETH D78, BH, MM, B30,
R e, —HOoRM TRV EVRELTTSEALH L, DRETHHINIBMHIZONTO
FEHER 72 RO 2 I U 7 B AR R YE R r . COBHM R B2 EAN - v R Gl Ao B2
2010) (2 XA, H& & CTAN100 g 7= V) BEE TlE6.14 mg. FEIFEEE T139.78 mg. BF 4 T1325.0 mg.
XD TIX6.18 mg, HEFHTIX17.0mg, MM TIX6.I9MgE v~ U TV EHFEVRFE VLD L H D,
BAGREO UHRERCEF R 2 EOHFIZIE, EBICEWVWS Y H U2 E84T 506002605, HA
ANORFEEFLEE (20104F/R) TiE, BARANDHRAICEIT D~ o BREORFKE L LT37
mg/dayZ £ H L TE Y . DREICBW T, BN DLO~ U H AR B2 68 & U THER & MRS
£ 0 0.01~4.5 mg/day. M7 _EIRERE & L CT11 mg/day2 iy ST b (18, JEA 5@ 2011)

ORETIIAEKR T O~ T OKEFEAENR0.05 mglLL EHHNTEY ., kDB ES 2
Liday & RFES 5 & BRI O~ > 7 O EEIZ100 pg/daybl T & 72 b, EAKEIZ DWW TIEEE
Wr R T 5~ B 2ETRAGERMMEG S D Z S 30, R KICOW TR EEHE» M TH
NWTITEEK & L TR SN D ATBEMED 8 5, HE T K O~ o 7 A EREBH B IS E S, #hE
REDNKEDOREZIT > TWND, TOREIZLE, 2011FE OFFAE TIT14.1% D H 7 T~
T PREDFREHED0.2 mgILZ B 2 TSN TR Y BREEAK - KRREER/KREEHR 2013) | =
NOEOHFKERAT S &, 2~ H B T400 pgldayz B 2 5~ 0 0 U ICRER S5 iTREMENS &
Do

BRI LB~ 2 H o ~DIEFEICOW T, Boojar & Goodarzi (2002) (2 k5 &, WBUEE D234 D
M= 2 PR R N B 72 5 3 B E 1238V T 1.89+0.41 pg/dL, 2.19+0.58 pg/dL, 1.62+0.31
Hg/dLTd 2 DIZxt LT, FEMUEE 424, DORIRFIC 35 1T 5 EE132.03£0.51 pg/dL, 1.96+0.48 pg/dL,
1.48+0.36 pg/dL & 1 ZIEFRI U CTh o7, RPRE S BERE S RMRICEO G IEIZ L 52202 b T
WRWZ E D, BUEIZ LA~ T ~DRBRIIEE I NS NWEEZ NS,

ZIH DRI B AT, BT ) ROBE T, MY KRR DO~ U U RO
DALEY DWEBEITFE N SN H D EE X B D,
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(Al #)

& 18 FRAIBERANDIUAVOBEEREE

~ 7> (mg/day)
AF i Pegics M
H % & M _EBR & HZ% & M _EBR &
0~5 (H) 0.01 — 0.01 —
6~11 (H) 0.5 — 0.5 —
1~2 (%) 15 — 15 —
3~5 (%) 15 — 1.5 —
6~7 (%) 2.0 — 2.0 —
8~9 (%) 25 — 25 —
10~11 (%) 3.0 — 3.0 —
12~14 (%) 4.0 — 35 —
15~17 (%) 45 — 35 —
18~29 (j%) 4.0 11 35 1
30~49 (%) 4.0 11 35 11
50~69 (%) 4.0 11 35 11
70 Lk (A%) 4.0 11 35 1
it (RPN — — +0 —
R (RHng) — — +0 —
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(Al #)

4. HREFE

VAR, BRI KRR T OTE Y E O RIE M O BT 228 DEAITE L <. < OHRNER S
NTWDED, BRBAREREZALH D, SBOAMERFOXEZFREN D e, HREEERHSK
Ko BT IR SRR AV RAEMEES TR, 202 L2 ol L oo, BEEO~ TR
ZOALE M O BB T RN S BRESIC B IT 2 A~OREFEEICEET 2 HE STV T
LT OFHm 1T > 72,

B, —IBIIXERIEOEA 2 EIE D B~ T ALEMOREA~OPEH BB X B D, A&k
D~ T DL LNTEBILAEH TH LML~ O TRAFITHEENDE EEZ DR TNWDHZ L
NH, AFEHIE (R) TR, ~ U DU R OVEE~ D AL A OB L DY AU 21T o 72,

(1) RERUVHERBEICDOT

v I, NDOEAN, BIEMICE TV D MEMEICHE T, RN TIEE A D% ORERLAL
BTHD, W ONDOREROEE L L TOBE b H 5,

—RRZREF O~ AL, B, kAR REIORTTHY , WAIITHICIEE Lz~
T ATEHE, MBI S, EO—HITMEIRIC TN D, ~ o W R T, RAERIC~
YHUNERETHZEBRMONTEY, YILOWMABRBEFFRTEH, NLFRERICHEBIER T W R
FEREL 2D EDRINT WD, izl 2 ABEREK Cld, ROBERK &L T,
YH NI HGEITRINE N, HEA~OBITHL REWZ EREMIEER (T ) TRENTND, 72
B, KEEONFRED~ o T WA LIZGEIT, RO~ T R A LT6 L T
MAPRED ERPARLS, SREN RIS 2 2 & b8 ER (7 F) TrREINTWD,

< U O - SARIIIENOSBEOE LG L TR Y | $kRZOIRRETIEZ, ~ o H v ORI E
DS Z . MRS D~ A RE L EINT D Z L AURB STV D,

L D= AT BERND 2l E 2R 4io~ 2 L U TERE D M, in vitrosWBR Tl
ANDEARTFZAI Y (TxaX X —E8) R2MiD~r % 3fliicliibd 57 8, (KN TR b
WRENZEALT D Z LRI TN D,

T v b, PV L DR ARTEEBR TIE, S ORI OMIZ, SRS OB = XAk D >
F 7 ARTB OB A N & B L TR R~ B S 415 FIREME b R S LTV 528, PBPKE
TINZE DT, BT T v b E AT EEOHEREA/NS W20, 2 OREE TOWILENRD
e InTN5D,

DI, N TIPS O~ > 7 REE &/ NR O RBERERERE RO TB S & o BEiE, F25k
B (7 v ) CTIEFERNREZZTREOBEET O~ o T AREOHEINA 5N TR, 2
O ENHENICE VY IAENT-~ v o 3 aiEEIE T 5 ATREMEA R STV b,

~ VA OERPEMRR IR IX, FFIBICIB O T & DG AR TEPICHRE SN DRETH D | IR
FA~OPRIT D2, AT, BEEBRUC L 28RIT 2 82 R U 5 1T AHOEI 2 A KW,
5 2 FHO -3 10~30H & OFENH D, WARTEOLAIS, 2 ORI 2R~ & O LIXS
BTNV, v T WA LTZANT, B0, s Lic~w oo b, 0% 0s 4 H
DIz s I PR S v iz, B L oW AR EE FE5R Tl Moo OFERED 7 U 7 T o A1 3 #HI% T,
FFOMJIE, 5 1 M205H AR, 52 M2 12~27H, 5 3fH2394~187H TH V. FEEN S D
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(Al #)

~ Ay (R O VT 7 o RX AT, EEENT223~267TA Th o 7=,

(2) 1BREIE - BAEEIZDOINVT

BtE~ > oA b —H—ifEic L5 & Ty b, PAKRDCANZBTL27 V7T A
IZDOWTIE, 2 AN DGR & OMREE R IEIT KL D WK OMER EICHER AR b TRV, +
VI DRI T, BEIRRH TORPIZOWTIE, 7y hTIEP L LA TIR EEO
HRERRKE WD, REERE TR SND Y T OBENREZNEINTND, LNLERE,
WL LRI O~ o T AAFTRGEER e EOHR R ~D AN L L 720 & ST,

EARZEIZ OV TR T OMER R SN TR Y . ZOfER, ARKOVNE, &l BHEFEE
ONFREREREE OB, FER O REEIE, SRR MBS, BEGEMERS—F Y RO
AN, 2B ~OREEICH LTSRS EB 2 BT,

OFNEN AN
FLIR TIE~ v W o O FEZR PRI Th 2 I PR R 2RI E L ThvienZ & #R
/NI, REYTZ D OFFRERRKE WD, A LFE CREORE TH > THERNANE
MREL D LEOHRN S D, £o, EREMW (T v ) Tl MR- 2 @i+ 5~
YA DD HVERSLCHE R TIIRAMERD A5 TH D L OMAFENFLNTVWD, 2
OO NG I/ TIERA &R T, o T BRI L S 0—05C, JRitnZ L <,
RN A 503 i < 72 2 ATREMEDN B 2 BTz,
Q=i
~ U NTREER LT RRTEE TRV T, IR LI RATEN PRI R A D i,
BREM)CIE, ~ v W ~DIEFER OMROE D E 5 SRMLA b L A DRENFEEIKET D
AREMEDVRIB ST, THBOMBMND, w2 U ~DOBRFEICH LT, EiE ORRZMEREW
Z BRI NI,
OEMENTHR BB RERE T O 3T . JER D BB
PR BSORTHEREIE E O B IFR A RBEIE 12 oW TE, W T~ DfE
AR+ TH D Z Lo, v~ T BITEZ BT TITERIERICAD Z L h | M=o
WD~ 2 I PRFENE L 72 0 | @R e~ 2 IO REE ORE (RIEEE, FRC ARk BE)
WCEMT D2 LARENTVND,
@8R Z MR B
~ A ORI EIISROBREICEE SN Z LR an Tty (1) R#& RN
RBIZOWT) OHEAESK), $iRkZ (Eil) OREIZHD L. ~ o T ORIERHIML ., Mx
BB OWRENFE < 7D ATREMER B D,
OMESEENERT /N —F > UREERE
BT, @S TGBEREZ MR E LEFiae, Al —F Y VEGERED T » b
O FEERAE T & MR RS — 3 2 R (BRIRPT 3 2 B AL WA = 3 X R 8 1)
DANB= T AETT D & S—F Y R RIE LT WA B RIE ST D,
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(Al #)

FROEE OMIZ, ~ T ~DOBEEIT T DRSO EIZOW T B IRE 21T o 7o, P
FEDRERTIZ, BHEDOT R LML D b RATEI~ DB & OREMEN SV E OWRE & kD d;
MBELY & R—=F Y UHEDOREEMARE (CPR) BWAEICEWEDORERHY, ZnbD
2 EMBESZMEDOMEEITOWTH Bl imidfs b d o7z,

(3) HHBAHEICDONT

a. ERAMDOEREIZONT

< U RO~ A DRI OW T, LFOFHIZ LY . A~DIEN AN DA
OINRFFILAE STV,

O IARC CTIFiMlisnTH 59, U.SEPA (1996) TiE D (ADOREMNAMEIZONTHETE 20
WE) LanTnsZ s,

O EAPIRITONWTIL, ~ W CLLIHIE TRINZ RS A DR AR LT RO, >~V a - <
VI CBGE TGO E kG L LTOE TR Tk, fx o AOERERERL (SIR) @
B MESNTHDED, WTFROEICEBW TS, v T UANOWE~DOBREND 5 &
EHIT, Y UHUDBERBENARHTHY . BRALEOBEIIAHTH L Z &, 2. KE
J =2 a T A FINOERE %G L LI ARRTFRIIE TIE, KRR O~ T PR & 3 ASE
CREOMICHEERAOHBENRA LN OWELH D Z L,

O BEEBRICOVWTE, ROFLEERT, ~ U ATIIAETIERW S OO FRIRIEIARE O
MBI GITZD, T RTEHEBABRD NN -ToZ b, Fiz, ARG ERTIX
~YUAKDT y ETOWTIIUCH, BDADRBAEROFERMENDBALNRDoT2Z &,

O BETEEMEICOWTIE, BREERE L T 727 ORMIM Y o SER TR HE DR
BREINR A LN, 1Z0OE&RICHBEE L CRBY ., BB W TIARHATHL Z &, &
W FEBR K O in vitro BRI T, Btk & FAMEO M T OFE RS FE RN/ E LN TR Y, — BN
AR

b. FREDNHEHEIZDOLNT

< U RO~ T AT O T, EERDO LBV RN AMEDOIH SR EHLAE S
TWRWED ., BNAMICESS YU ATFMMN TE o2 &b, BfEOFEIZ OWTIEHE
FEITORIo T,

(4) EAAELUNDEEEICONT

BPEFMEICOW TR, ADOHRITR Y 725720072,

%%%%T o A TR O RIEDSHE STV DD, Bl D RIEMEFOS I ER AMERL IR E (2
W2 = é@ EDOHDEZi, v HUBRRAIZRRR DO TN E ST 5,

@ﬁﬂﬁuowfi AT, MR, MRS T 2 AN Z L EHN TV,

MRV, ESIREIRE (2 ~2mgm®) (2L B 8= Y RO~ v L hiE B IR
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(Al #)

RHIREE I X DR ATE A AOMEREIR N £ C. IREVENRER . BRETMREE X OV MIREE 2\ ) TR x OFY
BNRHE SIVTNDH, KK OBREIRE & L OBJEMEIZ OWTOFHRIT, FITHBEMERED
HRNOELNTz, RRATENFRIRRE~ DR (BRRIPIFT AR O bRV DD FERA~DE
L LT, MRTEHAORES TRE SN L 0) 13, BREEREICLIEEDS L, Sl b o
EEZLNDN, EEOWRSREEZE L DD L, ~ D PRE & LTRI~1,590 ug/m* DI IC 5
W, WilESh, TN (hand steadiness, tremor) | EEADOZEENE (postural sway) | 4EHED
187755 DAR T B R R ] DI B O RATEN FROBSBE~ D EN A BT, 7eds, MRATEN Y
HIBSBE D IR T IR ITRAE L, Sl OGN~ o T IRGRICH L TR TH D 2 L 2T 2
HRBESNTWD, £7-. Roesh(1992) & Gibbsh (1999) D7 — & 7> & BIEREENFEI L Th., &
TR CHAMBEO TN ELZ T W EEZ O, kOEREE CRENLLNHZRIL,. &
SERBYE T IO @E 2 A4 & LizLucchini 5 (1999) IC L 2HETH D, BEEDIX, v~
VA~ DOBEFEHI I S TILE1E, RAEIREEE (CE) 25K LA (total dust) T1,113 pg/m*:
. (GERIMEEE T96.7 ng/m®) T, MEATEIFZAIERE D EN AL NS & L, 96.7 ng/m*ZLOAEL & L
77

¥, INEOBKRE DO~ o H o ~DIREEIZHOWTIE, Tt~ H o ~DigdE (kKR H 73
) LMRROFBICET AIEDOL B a—IZB W T, FROZ L BEKHIETH Y, ah— M
72 L A THBIZ SOV TOFRLOMEEENEN 2 & FIHOMFZE TIEASHKE N F ORER R4 Th
DT EDERESITND, Lt SBKER I OBREE 2 ) - 7= 5L OB % & T K 5y OB
JEC, FEERREIREE, . MEFEORZKR T ARET RN ST D L&, v o~
DIEFE & PHEEE, MRITEIFIREDOR A 27 L OMICEENA LN & INTWD, I HIZ,
BALOWFSE (BEBAFZE) ik, KR (BEDKF O v RRE, BOAEKUE, HHI%) 2305
L CHEAT L7 SR, BCBIK R O~ B VIR E L/NROMRITEI OR 2 (8 EE, 1Q5) & ofic
BHEMEN I BT & D 2 ENF LTV D,

PSR FEIZ DV TR, ~ U T Vb 0BG T T, #F T A (total dust) o £&(n[F-¥)C940
ngIMP O % 52 12978 CEXREIR7.14F) T, WWRER0 3 RAERS A Sav, BUEH T3
BREDIE T b AL, £2, M LA (total dust) TE0 mg/m %8 % % Wk & 5% \F 7= 8L L 55 i #
TIEMEE, Wik, KBS, WSS O EREEOBMA A LN TWD, EELOHEE (2097 A
DOIEEMICHONT) T, v AU EE (L ADKRRIZOWTORMAR L) OFH3210 pg/m?
DG IEREDIR TN BV T WD A, FRAELIRNC bIEEERIC Lo Ty U WV ICIBEHE L T D
Z e (CEH14.24E) | LI OBREE DO EED AIREME b RIZ S LTV 5,

EBREW) (Z v~ YL) OWABRERERERTIL, R ~OREICHON I —B LR RITES
TV, PERER (B, MO ~ORBIIHRE ST\ 5,

AFER AT OV TR, A TIIREEIREE 25210 - BE O ATHREIC BT 5 b DAL, 940 pg/m®
(K U A (total dust) DT FHIHEEE) THFREOR F S STV A, 301 pg/m® (W51
¥y U A (inhalable dust) D(iFtE)) TIIET O T 1T 7 F L BEOMMARE S TWD, —F
T, 710 ug/m® ¥y U A (total dust) . Hriefl) THUAERICHEN L LN L DHRELH D,
JRIBHIO T ENBREOREL LT, HRFEORBO~ U o ~OBRBERN/EE S TE LT, A
BEEE & ORLEMII R Th D8, LS D~ o B & Tk mEERE (E% 9 A, 3.
6%) & OBEAZ A LR, SMIHCREEE O— TR a7 O FRA LN & OWENH

_68_



(Al #)

Do Flo, FHROHEEICEEND~ o T ARENFENTOY T o ~OUEFEHREE LB L T\ D
Tl HEO~ AR L Tt (36H M. S4A IR, BB 1, B 3FE) OfrEifEE L O
WA, FENTO~ N o ~OREN FH O RMEERE B L M TR RBE SN D & D
EZ R LI REND D,

FEREW TIZ, WABREL7ZT v bT, HAEROMEEOKIE, B(LA b L ARLRIE/NT A—
Y OHBRENAH DIV, FEOEE T, 7y hOBHMRK ORI, ~ 7 2OF AT,
W ~DOEERLOLNTEY . v U RATIHEFRREBOBD 22 EORBELREINTNWD, v
ADETEREICEDERICBWTH, WE~OFE (RIEOEEE, KIKE, AFRIKT,
HAE R OBIR-CRE TRORBIE, L) BNALNTW 5,

T FEMEIC OV TIE, WETICE T 2 TR R OB OB, MiEH DIgEL ORE-u ¥~ ME
AR O R ONEHIREEE BT AIME T 0T 7 FUREDO ERRHE ST THD A, i
DEB~OWEEN DD Z L0, EICHET 20 4~ — T DO LV LRN W EE LRI
Tn5,

(5) ARE—RIEZEA AV FZD2WWT

~ B RO~ T ACE AR DI AMEIZ DN T, TARC IZBWTRH S TE S
F. USEPA (1996) (128 TH D (AORBAMEICOWTHETERWVWHE) L IhTWnb,
BT, EEMIE TR, ~ U D VIO DR R OISR Ay $6E 4 T O 513 O SE - F
BIER/VFIZOWT OB o D03, WT O AL S IREF AR+ 7272, HE—KIST
AR NEITH ZLIIRETH D, EREBYORENARBRICOWTIEL, WA ARG 2N
LRTELT. vUA, 7y NORMEGRBNE 1 HEH D0, TOMERIZONTHH LR
& — RUGSBR TS STz,

—Ji. BB AAMEUSDFEFMIZOWTIL, FEE 25 & LicZ < OFEFHIIE K OVE i )H
WERAE XIS & LIE A0 T WAREIZ L > THIR~ORE (v T o, ik
ITENERIRSRE~ D) | IHSRE~ DB, AFHRE~ORBENRE SN TV D, 2055, #ifk
FTEN AR RE~ DB OV IR RIRE ICB W T O EER A L, £, 2R — MFJE,
FEBIX RIS IC B W THE - IGBRZ R T T — 2B 5 2 &b, ADOERNT —ZI2HES
WIEHE—IGTBAA Y NEITH ZENAHETH 5,

BAREITIZ, 7V ) siE S T80 57 B ~ O 58 2 71l L 72 Roels & (1992) . K UVG4
8k T85O I3~ % 1M L7z Lucchini & (1999) %, 7R EBEMNT —X 209 25 &l
Lizid, 2D 956, 5 og@gHE s L v &< 2O 24T E OB R O A H 3
Ffi S, &0 AKEEE TR 7 Lucchini & (1999) OREE & b i) &OHIWT L, M4
REHWTHE-RIET®EAA L F2ITHO 2L L LT,

B, WHEBBLIMIOWTIE, $E64 TIH% O EMBT IR A RIZB T 50 < D00
W T, MIRSROREBDO U 27 OB R I TWEN, HE-KIETEA X MIHWD
AL LTIWTRb Ao Thotz,
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(6) MEDHFHBIOERMEICONT

~ W RO~ T ACEWNAR DI AL DO FEICOWTIL, (5) TRz bik
V. Lucchini & (1999) DM AN DOMHRAITEN FHIMERE~ DR BIZ O T+ RiERNT — 4 %
AL, BESEDOZAER I OWT LY T TN T D 2 Enh, HE-IET A AV
NOEMEIZHT=0 | Fe bl &l S vz, £ OWE ORHERRILO M EEIZ SOV TE,
Y OREELRBIZ G T 5 A FEOME L HWT 5, LLRAL, febid) & Lz
Lucchini & (1999) OEFAFFETH ., MEEMIRIFEEM TH L Z & BEDEIRERIEIC L 228
MEE LTV alRetE 2 gER C& 722 &L NOAEL 23 biv7eno72Z & (LOAEL DRRE).
WZDOWT DORFEFEMEDFIET D, 728, ﬁf&ﬁ"ﬂ%‘é I%. 2010 4E(Z Lucchini & (1999) DJF T —
ZrEHWTR o TFv—7 F—ZEBMCLE)IZ . WA (respirable) O~ 4 (PMas) @D
Reference Concentration(RefCon) % & ELTb\é?ﬁ) “F‘aﬁéﬂf:i%w_iéfﬁ%f‘@\ LOAEL 75
DL LT RefCon fERRICIRE &5,

ZDZENDS, FROBRIRILOREFVEIZ OV TUIIF Y DR AR A AT 2 EFMR TH
DHDD, W ONDREEENFIEL, S OROLIBFHIROFELEST L2 b, [5%D
HERLIGIE DREREY 2 750 & 0 12> T (B 2540 O BSE) | 2B 2R
BN LOREFENE NalZfZ ¥ 2 LIl L7z,

(7) BREFHBIZDOLT

NZBT b~ T RO~ ‘/ﬁ‘/ﬂﬁé}%OﬁEHX L. BARCHEIKIZE 52 OB KESThH
Do LML, FEEEOME TIL, WAREIZ X DR ~ORERZL LN TWD, £,
wﬂ%ﬁf@ﬁm%ﬁmﬁfmm¢mﬁﬁﬁék (HUE 7RI & 72 0 | L OBRFERERS & LT
MA~DBATINRENZ EDRENTWND, EREY O TIX, BN LM~BITT RS
RENTWD, TNHDZ b, WABREIC XD EREREECOWNTHEERFMEITY 2 &
DELEZ HND,

—fREBREE D KRG IIT B IREIHMEIC W TIE, 2011 EEDOHERKIEEDET =421 7 #
Eﬁ%@—ﬁﬁﬁ@ﬁﬁ@_ SIFIE, 24 FEFBRBER KA WA LEET 72D~ o H v OIgFE &I
6.0 ng/lkg/day, T-fit 12 nglkg/day & RAEE B D,

5. IBHEDIREICOLT

vVﬁVﬁAmﬁﬁwiﬁﬁf%b\%ﬁéhévyﬁyﬁ\ﬁ%%ﬁﬂﬁ@@mﬁﬁ*ié%@
DRI THD, LLRRL, FEFEFICHIT HEFHRTIL, WAREIZ L MR~ DB
E BN @B ERRO b TV 5,

W ABEE C IS 2 B 92 i RIS T3 2 7o OISR 2R I & 72 0 | OBREERREE & L~ T
NOBITHRENZ EDRENTWD, FEELEOEFMIECL Y . AR E ISR T ORI T
B P RE~ O (BRIRBIFT AR O RN DD, MfR~DOFEL LT, #RITEI PR A
ETHHENDBD) BHLND LG, AERKIGEME O A7 ZRRT 28806, %
FHIZ L0 FEO b DWW ARERIZ X D HEATENI FRBERE~ DB DR A Z = RARA M e LT
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FHMEABEIT 5 Z LT THD LHMT LTz,

k. HEVKOEBERUZ X D~ v H o~ DRI X DRI OV TR BRI BR T 23 T K E

B (B HIZIIROPRRIT T 2B ORE) BRESNTE YD, BFEPLOEREIZONTY

HARNDOBEFERIERE TRl TON TV D, ~ 0 ORREERZEANE, 4%, 26 OFHf
A E X TR AR RR IR OWMET b BB & 259,

(1) #HVAKICRSFHEEDORHICONT

< W RO~ T AT O TIE, ASDFED LD & IR FEILDM G B AL TR,
F7=, k4. (3) OB, ARUEMIERT —X L HICHE—MIGT B AR R ATRERE
BT — 2R, 2D, BRAVEIR D HMIEITE I L2 nWZ & & L,

(2) ENAKLUNDOEEMRICERS ) RV FEEIZONT

v U RO~ T ARG OW T, FEEEOEFRIC IV T, BRAMLSNOF
EHIZOWNWT—EDHANEGLNTNDZ E0Dh, ADT —Z0BIN AL O G EICLRHFE
ifEzHHTHZ & &35,

MHEMEOR I Y 72> TE, F7EE OBRBEFED R < MRATENFAOMERE O 5282 B L 72 JRHi
RERREN DD Z L7 EMnD . A4S TS E#E O R (Lucchini 5 1999) 23 15
OO HEENT — X ThHHEHMIL, ZOMAEHANDZ &35, BARMIZIE, &Y T
LV RIMERE & = T 72 785 B W THRATEN 2R ERGE O A B 72K T 2 5 & i 2 3R
T 596.7 ug M/m® (]eky UA) #LOAEL & L. WEIREED b — BRI~ DIRE OMIE (8 H#f/24
BFfEIx240H /365H) #1795 &, 21 pygMn/m*E 72 %, LOAEL?)» 5NOAEL~AMET 5 72 8 O R 34%
B, B TEN RS RE~ DB A BTN D 2 L B L, EE DO (Lucchini FAE
(2012) ) 4BEL L TH &L, FFvaxxT 47 2 ((KNEHE) KON hFay(FI 7 X (K
=) ZESE R TERE (AR EREEL G, ) BB LA HIMREZ10E LT, Gito
50% RREFARME 372 Z LWL LB X 5, £z, BUHHTEH OERE~DOFERIEH O EN
BREEHS/ NR O B O FIEEFRE B KT A REESRIE SN TN D Z &, KOEREIMIZEWT
HIEDAETERE~ DR N A~DEEN L SN TWDS Z &, S50, fUKRZE TIZH 58, NED
PRRATEY O F I A T T AT A R T BRI DB 2 L A B L, fHED X2 OO
MDD, WEOBEKMEEZBE LR E LT3 2BNT2Z 8@ LB 25,

IEX Y., BREMZRGREE LTIS0% V., < T R OE -~ o 1 AL B DI AAELISE D
A EVEITAR D P4 130.14 pg MimMP L EHI S U D,

(3) HREHEDREIZDOINVT
LBz k0, = o By R OEE~ T ALY OIS EHE 2 4 FHE0.14 ug MMPLL R & 975 2 &
BRET D, 272 L, WEDSHTONRMEEZZBE L, AEEHMESR & O LEGHMEIC S 72> T, i,
W LA~ Ty (B Hy) ORKPBENEEZ L > TIRAT L Z ETELI X2,
HERKIGYEWET =2 )V TRBICLI R, ~ v Ty (B~ oY) ORKEERE ILREL
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THEREHTYH, BOTITREDK TMEMMA A DD, I OREEMER & 20114 OF AR R & i
DL, AR TRIMER 2B A TV RN 1 A5,

B, ZOREMERIZ OV TR, B R TR ATRE 2 R AR SR HIM L2 RER, RET 5 b
DTHY  AHROWTEOERT L D8 LR OERIHEN, BERRE LT ZRIThER D
20N,

_72_



Cll#R)

x

ACGIH (2013) Documentation of the threshold limit values and biological exposure indices, ed., American
Conference of Governmental Industrial Hygienists (ACGIH) Inc., Cincinnati, OH.

Adkins B, Jr., Luginbuhl GH and Gardner DE (1980) Acute exposure of laboratory mice to manganese oxide.
Am Ind Hyg Assoc J. 41: 494-500.

Akbar-Khanzadeh F (1993) Short-term respiratory function changes in relation to workshift welding fume
exposures. Int Arch Occup Environ Health. 64: 393-397.

Aschner M and Dorman DC (2006) Manganese: pharmacokinetics and molecular mechanisms of brain uptake.
Toxicol Rev. 25:147-154.

Bataineh H, Al-Hamood MH and Elbetieha AM (1998) Assessment of aggression, sexual behavior and fertility
in adult male rat following long-term ingestion of four industrial metals salts, Hum Exp Toxicol. 17:
570-576.

Bergstrom R (1977) Acute pulmonary toxicity of manganese dioxide, Scand JWork Environ Health. 3(Suppl 1):
1-41.

Boojar MM and Goodarzi F (2002) A longitudinal follow-up of pulmonary function and respiratory symptoms
in workers exposed to manganese, Journal of occupational and environmental medicine / American
College of Occupational and Environmental Medicine. 44: 282-290.

Boshnakova E, Divanyan H, Zlatarov I, Marovsky S, Kisyova K, Zanev D, Karev G. and Marinova T (1989)
Immunological screening of welders, JHyg Epidemiol Microbiol Immunol. 33:379-382.

Bouchard M, Mergler D and Baldwin M (2005) Manganese exposure and age: neurobehavioral performance
among alloy production workers, Environ Toxicol Pharmacol. 19: 687-694.

Bouchard M, Mergler D, Baldwin ME and Panisset M (2008) Manganese cumulative exposure and symptoms: a
follow-up study of aloy workers, Neurotoxicology. 29: 577-583.

Bouchard MF, Sauve S, Barbeau B, Legrand M, Brodeur ME, Bouffard T, Limoges E, Bellinger DC and
Mergler D (2011) Intellectual impairment in school-age children exposed to manganese from drinking
water, Environ Health Perspect, 119:138-143.

Bowler RM, Roels HA, Nakagawa S, Drezgic M, Diamond E, Park R, Koller W, Bowler R P, Mergler D,
Bouchard M, Smith D, Gwiazda R and Doty RL (2007) Dose-effect relationships between manganese
exposure and neurological, neuropsychological and pulmonary function in confined space bridge
welders. Occup Environ Med. 64:167-177.

Brain JD, Hellig E, Donaghey TC, Knutson MD, Wessling-Resnick M and Molina RM (2006) Effects of iron
status on transpulmonary transport and tissue distribution of Mn and Fe, Am J Respir Cell Mol Biol.
34:330-337.

F1U 7 #/v=7 Il EPA(2008) Manganese and Compounds Reference Exposure Levels, ed., Sacramento, CA.
(2008).

Camner P, Curstedt T, Jarstrand C, Johannsson A, Robertson B and Wiernik A (1985) Rabbit lung after
inhalation of manganese chloride: a comparison with the effects of chlorides of nickel, cadmium, cobalt,
and copper, Environ Res. 38:301-309.

71 Z R4 (2010) Human Health Risk Assessment for Inhaled Manganese, authority of the Minister of

_73_



Cll#R)

Health., Ottawa, Ontario, Canada.

Chandra SV, AraR, Nagar N and Seth PK (1973) Sterility in experimental manganese toxicity, Acta Biol Med
Ger. 30:857-862.

Chia SE, Foo SC, Gan SL, Jeyaratnam J and Tian CS (1993) Neurobehaviora functions among workers
exposed to manganese ore, Scand JWork Environ Health. 19: 264-270.

Chia SE, Gan SL, Chua LH, Foo SC and Jeyaratham J (1995) Postural stability among manganese exposed
workers, Neurotoxicology. 16:519-526.

Clayton GD and Clayton FE, eds.(1981-1982) Patty's Industrial Hygiene and Toxicology,3rd ed. ,Vol.2A,2B,2C,
p2736, John Wiley Sons, New York, NY.

Cotton FA and Wilkinson G (1972) Advances in Inorganic Chemistry, ed., John Wiley & Sons, New York, NY.

Crump KS and Rousseau P (1999) Results from eleven years of neurological health surveillance at a manganese
oxide and salt producing plant, Neurotoxicology. 20:273-286.

Crump KS and Van Landingham C (1996) BENCH_C: A FORTRAN Program to Calculate Benchmark Doses
From Continuous Data, ed., ICF Consulting, Ruston, LA.

Davidsson L, Cederblad A, Hagebo E, Lonnerdal B and Sandstrom B (1988) Intrinsic and extrinsic labeling for
studies of manganese absorption in humans, J Nutr. 118:1517-1521.

Davidsson L, Cederblad A, Lonnerdal B and Sandstrom B (1989) Manganese retention in man: a method for
estimating manganese absorption in man, Am J Clin Nutr. 49:170-179.

Davis CD, Zech L and Greger JL (1993) Manganese metabolism in rats. an improved methodology for
assessing gut endogenous losses, Proc Soc Exp Biol Med. 202:103-108.

De Méo M, Laget M, Castegnaro M and Dumenil G (1991) Genotoxic activity of potassium permanganate in
acidic solutions, Mutat Res. 260:295-306.

Desole MS, Serra PA, Esposito G Delogu MR, Mighdli R, Fresu L, Rocchitta G and Miele M (2000)
Glutathione deficiency potentiates manganese-induced increases in compounds associated with
high-energy phosphate degradation in discrete brain areas of young and aged rats, Aging (Milano).
12:470-477.

Dikshith TS and Chandra SV (1978) Cytological studies in albino rats after oral administration of manganese
chloride, Bull Environ Contam Toxicol. 19:741-746.

Dorman DC, McElveen AM, Marshal MW, Parkinson CU, James RA, Struve MF and Wong BA (20053)
Maternal-fetal distribution of manganese in the rat following inhalation exposure to manganese sulfate,
Neurotoxicology. 26:625-632.

Dorman DC, McElveen AM, Marshall MW, Parkinson CU, James RA, Struve MF and Wong BA (2005b) Tissue
manganese concentrations in lactating rats and their offspring following combined in utero and
lactation exposure to inhaled manganese sulfate, Toxicological sciences : an officia journa of the
Society of Toxicology. 84:12-21.

Dorman DC, McManus BE, Parkinson CU, Manuel CA, McElveen AM and Everitt JI (2004) Nasal toxicity of
manganese sulfate and manganese phosphate in young male rats following subchronic (13-week)
inhalation exposure, Inhal Toxicol. 16:481-488.

Dorman DC, Struve MF, Marshall MW, Parkinson CU, James RA and Wong BA (2006a) Tissue manganese

_74_



Cll#R)

concentrations in young male rhesus monkeys following subchronic manganese sulfate inhalation.
Toxicological sciences : an officia journal of the Society of Toxicology. 92:201-210.

Dorman DC, Struve MF, Wong BA, Dye JA and Robertson ID(2006b) Correlation of brain magnetic resonance
imaging changes with pallidal manganese concentrations in rhesus monkeys following subchronic
manganese inhalation. Toxicological sciences : an official journa of the Society of Toxicology. 92:
219-227.

Drown DB, Oberg SG and Sharma RP (1986) Pulmonary clearance of soluble and insoluble forms of
manganese. J Toxicol Environ Health. 17:201-212.

Elbetieha A, Bataineh H, Darmani H and Al-Hamood MH (2001) Effects of long-term exposure to manganese
chloride on fertility of male and female mice. Toxicol Lett. 119:193-201.

Elder A, Gelein R, Silva V, Feikert T, Opanashuk L, Carter J, Potter R, Maynard A, Ito Y, Finkelstein J and
Oberdorster G (2006) Translocation of inhaled ultrafine manganese oxide particles to the centra
nervous system. Environ Health Perspect. 114:1172-1178.

Elias Z, Mur JM, Pierre F, Gilgenkrantz S, Schneider O, Baruthio F, Daniere MC and Fontana JM (1989)
Chromosome aberrations in peripheral blood lymphocytes of welders and characterization of their
exposure by biological samples analysis. J Occup Med. 31:477-483.

Ellingsen DG, Chashchin V, Haug E, Chashchin M, Tkachenko V, Lubnina N, Bast-Pettersen R and Thomassen
Y (2007) An epidemiological study of reproductive function biomarkers in male welders. Biomarkers.
12:497-509.

Ellingsen DG, Haug E, Gaarder Pl, Bast-Pettersen R and Thomassen Y (2003) Endocrine and immunologic
markers in manganese alloy production workers. Scand JWork Environ Health. 29: 230-238.

Ericson JE, Crinella FM, Clarke-Stewart KA, Allhusen VD, Chan T and Robertson RT (2007) Prenatal
manganese levels linked to childhood behavioral disinhibition. Neurotoxicol Teratol. 29: 181-187.

Erikson KM, Dorman DC, Fitsanakis V, Lash LH and Aschner M (2006) Alterations of oxidative stress
biomarkers due to in utero and neonatal exposures of airborne manganese. Biological Trace Element
Research. 111:199-215.

Erikson KM, Dorman DC, Lash LH and Aschner M (2005) Persistent alterations in biomarkers of oxidative
stress resulting from combined in utero and neonatal manganese inhalation. Biological Trace Element
Research. 104:151-163.

Espinosa AJF, Rodriguez MT, Rosa FJB. and Sanchez JCJ (2001) Size distribution of metal in urban aerosolsin
Seville (Spain). Atmos  Environ. 35:2595-2601.

Feldman RD (1998) Occupationa and Environmental Neurotoxicology. Lippincott Williams & Wilkins.
Philadelphia, PA.

Finkelstein MM and Jerrett M (2007) A study of the relationships between Parkinson's disease and markers of
traffic-derived and environmental manganese air pollution in two Canadian cities. Environ Res.
104:420-432.

Finley JW, Caton JS, Zhou Z and Davison KL (1997) A surgical model for determination of true absorption and
biliary excretion of manganese in conscious swine fed commercial diets. J Nutr. 127:2334-2341.

Finley JW, Penland JG, Pettit RE and Davis CD (2003) Dietary manganese intake and type of lipid do not affect

_75_



Cll#R)

clinical or neuropsychological measures in healthy young women. J Nutr. 133:2849-2856.

Foradori AC, Bertinchamps A, Gulibon JM and Cotzias GC (1967) The discrimination between magnesium and
manganese by serum proteins. J Gen Physiol. 50:2255-2266.

Fored CM, Fryzek JP, Brandt L, Nise G, Sjogren B, McLaughlin JK, Blot WJ and Ekbom A (2006) Parkinson's
disease and other basal ganglia or movement disorders in alarge nationwide cohort of Swedish welders.
Occup Environ Med. 63:135-140.

Fornstedt B, Pileblad E and Carlsson A (1990) In vivo autoxidation of dopamine in guinea pig striatum
increases with age. J Neurochem. 55:655-659.

Fryzek JP, Hansen J, Cohen S, Bonde JP, Llambias M T, Kolstad HA, Skytthe A, Lipworth L, Blot WJ and Olsen
JH (2005) A cohort study of Parkinson's disease and other neurodegenerative disorders in Danish
welders. Journal of occupational and environmental medicine/American College of Occupational and
Environmental Medicine. 47:466-472.

Furst A (1978) Tumorigenic effect of an organomanganese compound on F344 rats and Swiss abino mice. J
Natl Cancer Inst. 60:1171-1173.

Galloway SM, Armstrong MJ, Reuben C, Colman S, Brown B, Cannon C, Bloom AD, Nakamura F, Ahmed M,
Duk S, Rimpo J, Margolin BH, Resnik MA, Anderson B and Zeiger E (1987) Chromosome aberrations
and sister chromatid exchanges in Chinese hamster ovary cells. evaluations of 108 chemicals. Environ
Mol Mutagen. 10(Suppl 10):1-175.

Gennart JP, Buchet JP, Roels H, Ghyselen P, Ceulemans E and Lauwerys R (1992) Fertility of male workers
exposed to cadmium, lead, or manganese. Am J Epidemiol. 135:1208-1219.

Gibbons RA, Dixon SN, Hallis K, Russell AM, Sansom BF and Symonds HW (1976) Manganese metabolism
in cows and goats. Biochim BiophysActa. 444:1-10.

Gibbs JP, Crump KS, Houck DP, Warren PA and Mosley WS (1999) Focused medical surveillance: a search for
subclinical movement disorders in a cohort of U.S. workers exposed to low levels of manganese dust.
Neurotoxicology. 20:299-313.

Gupta SK, Murthy RC and Chandra SV (1980) Neuromelanin in manganese-exposed primates. Toxicol Lett.
6:17-20.

Gwiazda RH, Lee D, Sheridan J and Smith DR (2002) Low cumulative manganese exposure affects striatal
GABA but not dopamine. Neurotoxicology. 23:69-76.

HaMai D, Rinderknecht AL, Guo-Sharman K, Kleinman MT and Bondy SC (2006) Decreased expression of
inflammation-related genes following inhal ation exposure to manganese. Neurotoxicology. 27:395-401.

Hobbesland A, Kjuus H and Thelle DS (1999) Study of cancer incidence among 6363 male workers in four
Norwegian ferromanganese and silicomanganese producing plants. Occup Environ Med. 56:618-624.

Holbrook DJ, Jr., Washington ME, Leake HB and Brubaker PE (1975) Studies on the evaluation of the toxicity
of various salts of lead, manganese, platinum, and palladium. Environ Health Perspect. 10:95-101.

Holzgraefe M, Poser W, Kijewski H and Beuche W (1986) Chronic enteral poisoning caused by potassium
permanganate: a case report. J Toxicol Clin Toxicol. 24:235-244.

SINZERAI (2004) AAL2HIRMA[2], FA R (1) ~ > H . HAERE. 62:308-310.

Iregren A (1990) Psychological test performance in foundry workers exposed to low levels of manganese.

_76_



Cll#R)

Neurotoxicol Teratol. 12:673-675.

Jafari AJ and Assari MJ (2004) Respiratory effects from work-related exposure to welding fumes in Hamadan,
Iran. Arch Environ Health. 59:116-120.

Joardar M and Sharma A (1990) Comparison of clastogenicity of inorganic Mn administered in cationic and
anionic formsin vivo. Mutat Res. 240:159-163.

b2 T3 B itk (2012) 16112 DALZEPE 5L PDF. (b5 1% H it

Kanematsu N, HaraM and Kada T (1980) Rec assay and mutagenicity studies on metal compounds. Mutat Res.
77:109-116.

BRI K « RKKEREER(2013) “Fhk 23 AR U7 NIEFTASR I B 2 A HERKIGYEE =21 7
BRERIZOWT.

BRETE K « KKERBER/KBREEAR(2013) ARk 23 45 i T /K2 s R

JNBEIR F1(2008) A F /Ly 7 Ry H VT =)L~ b U TR =)V ORI O Bh). B BhE
WF9E. 30:237-245.

Kawamura R, Ikuta H, Fukuzumi S, Yamada R and Tsubaki S (1941) Intoxication by manganese in well water.
Kitasato Arch Exp Med. 18:145-171.

TRIEPESEA - BRIEAE (20138) ARk 23 2% PRTR 7 — % O EE— (LA E O & - BEhEOEFER.

TRIFPERED « BREEA (2013b) “Fhk 23 4R PRTR Jis tHAMIEHH SO HERH 1A O EL.

Khan K, Factor-Litvak P, Wasserman GA, Liu X, Ahmed E, Parvez F, Slavkovich V, Levy, D, Mey J, van Geen
A and Graziano JH (2011) Manganese exposure from drinking water and children's classroom behavior
in Bangladesh. Environ Health Perspect. 119:1501-1506 .

Kilburn CJ (1987) Manganese, maformations and motor disorders. findings in a manganese-exposed
population. Neurotoxicology. 8:421-429.

Kim JW, Kim'Y, Cheong HK and Ito K (1998) Manganese induced parkinsonism: a case report. J Korean Med
Sci. 13:437-439.

Kondakis XG, Makris N, Leotsinidis M, Prinou M and Papapetropoulos T (1989) Possible health effects of high
manganese concentration in drinking water. Arch Environ Health. 44:175-178.

Kostia K, Blanusa M, Maljkovic T, Kello D, Rabar | and Stara JF (1989) Effect of a metal mixture in diet on
the toxicokinetics and toxicity of cadmium, mercury and manganese in rats. Toxicol Ind Health.
5:685-698.

JEA G5 (2011) AARNO R FEEUERE (2010 4£R0) .

Kristensson K, Eriksson H, Lundh B, Plantin LO, Wachtmeister L, el Azazi M, Morath C and Heilbronn E
(1986) Effects of manganese chloride on the rat developing nervous system. Acta Pharmacol Toxicol
(Copenh). 59:345-348.

7 T AL TS T JE P TR kR - BB TR S R 3 H Il 2 o 7 —  (1993)
~ A7 OO, KR . 424:19-22.

Lonnerdal B, Keen CL, Bell JG, Sandstrom B (1987) Manganese uptake and retention: Experimental animal and
human studies. In: Kies, C. ed. Nutritional Bioavailability of Manganese. American Chemical Society.
Washington, D.C., 9-20.

Lonnerdal B (1994) Manganese nutrition of infants. In: Klimis-Tavantzis, D.J. ed., Manganese in Hedlth and

_77_



Cll#R)

Disease. CRC Press, Boca Raton, FL, 175-191.

Laskey JW, Rehnberg GL, Hein JF and Carter SD (1982) Effects of chronic manganese (Mn;O4) exposure on
selected reproductive parametersin rats, J Toxicol Environ Health. 9:677-687.

Lauwerys R, Roels H, Genet P, Toussaint G Bouckaert A and De Cooman S (1985) Fertility of male workers
exposed to mercury vapor or to manganese dust: a questionnaire study. Am JInd Med. 7: 171-176.

Leach RM and Lilburn MS (1978) Manganese metabolism and its function. World review of nutrition and
dietetics. 32:123-134.

Lee RE, Goranson SS, Enrione RE, Morgan GB (1972) NASN cascade impacter network. Partll: Size
distribution of trace metal components, Environ. Sci. Technol. 6:1025-1030.

Lee B, Pine M, Johnson L, Rettori V, Hiney JK, Dees WL (2006) Manganese acts centraly to activate
reproductive hormone secretion and pubertal development in male rats. Reprod Toxicol. 22:580-585.

Lima PD, Vasconcellos MC, Bahia MO, Montenegro RC, Pessoa CO, Costa-Lotufo LV, Moraes MO and
Burbano RR (2008) Genotoxic and cytotoxic effects of manganese chloride in cultured human
lymphocytes treated in different phases of cell cycle. Toxicol In Vitro. 22:1032-1037.

Lipe GW, Duhart H, Newport GD, Slikker W, Jr. and Ali SF (1999) Effect of manganese on the concentration of
amino acids in different regions of the rat brain. J Environ Sci Health B. 34:119-132.

Lown BA, Morganti JB, D'Agostino R, Stineman CH and Massaro EJ (1984) Effects on the postnatal
development of the mouse of preconception, postconception and/or suckling exposure to manganese
viamaternal inhalation exposure to MnO2 dust. Neurotoxicology. 5:119-129.

Lucchini RG (2012) FAfF.201244 A 3 H.

Lucchini RG Albini E, Benedetti L, Borghesi S, Coccaglio R, Maara EC, Parrinello G, Garattini S, Resola S
and Alessio L (2007) High prevalence of Parkinsonian disorders associated to manganese exposure in
the vicinities of ferroalloy industries. Am J Ind Med. 50:788-800.

Lucchini R, Apostoli P, Perrone C, Placidi D, Albini E, Migliorati P, Mergler D, Sassine MP, Pami S. and
Alessio L (1999) Long-term exposure to "low levels' of manganese oxides and neurofunctional
changesin ferroalloy workers. Neurotoxicology. 20:287-297.

Lucchini R, Bergamaschi E, Smargiassi A, Festa D and Apostoli P(1997) Motor function, olfactory threshold,
and hematological indices in manganese-exposed ferroalloy workers. Environ Res. 73:175-180.
Lucchini R, SelisL, Folli D, Apostoli B, Mutti A, Vanoni O, Iregren A and Alessio L (1995) Neurobehavioral
effects of manganese in workers from a ferroalloy plant after temporary cessation of exposure. Scand J

Work Environ Health. 21:143-149.

Maigetter RZ, Ehrlich R, Fenters JD and Gardner DE (1976) Potentiating effects of manganese dioxide on
experimental respiratory infections. Environ Res. 11:386-391.

Malecki EA, Radzanowski GM, Radzanowski TJ, Galaher DD and Greger JL (1996) Biliary manganese
excretion in conscious rats is affected by acute and chronic manganese intake but not by dietary fat. J
Nutr. 126:489-498.

Menal (1974) The role of manganese in human disease. Ann Clin Lab Sci. 4:487-491.

Mena |, Horiuchi K, Burke K and Cotzias GC (1969) Chronic manganese poisoning. Individual susceptibility
and absorption of iron, Neurology. 19:1000-1006.

_78_



Cll#R)

Menezes-Filho JA, Bouchard M, Sarcinelli Pde N and Moreira JC (2009) Manganese exposure and the
neuropsychological effect on children and adolescents. a review. Rev Panam Saud Publica
26:541-548.

Mergler D, Baldwin M, Belanger S, Larribe F, Beuter A, Bowler R, Panisset M, Edwards R, de Geoffroy A,
Sassine MP and Hudnell K (1999) Manganese neurotoxicity, a continuum of dysfunction: results from a
community based study. Neurotoxicology. 20:327-342.

Mergler D, Huel G, Bowler R, Iregren A, Belanger S, Baldwin M, Tardif R, Smargiassi A and Martin L (1994)
Nervous system dysfunction among workers with long-term exposure to manganese. Environ Res.
64:151-180.

FAMAE(2010) ~ v U R OUNF VT ADOFEE - i - iR EHNE. LT A Z LY — X 2009, &EE
JR L AR — . 1107-1120

SCRFHAE B AN - SRR B IR A P2 (2010) B AR SRR 77 2010.

Mortelmans K, Haworth S, Lawlor T, Speck W, Tainer B and Zeiger E (1986) Salmonella mutagenicity tests: 11.
Results from the testing of 270 chemicals. Environ Mutagen. 8(Suppl 7):1-119.

Myers JE, teWaterNaude J, Fourie M, Zogoe HB, Naik I, Theodorou P, Tassel H, Daya A and Thompson ML
(2003a) Nervous system effects of occupational manganese exposure on South African manganese
mineworkers. Neurotoxicology. 24:649-656.

Myers JE, Thompson ML, Naik I, Theodorou P, Esswein E, Tassell H, Daya A, Renton K, Spies A, Paicker J,
Young T, Jeebhay M, Ramushu S, London L and Rees DJ (2003b) The utility of biological monitoring
for manganese in ferroalloy smelter workers in South Africa. Neurotoxicology. 24:875-883.

Nakata S, Sato J, Imai K, Yamanaka H and Ichinose Y (1995) Epidemiological characteristics of prostate cancer
in Gunma Prefecture, Japan. Gunma University Urological Oncology Study Group. Int J Urol.
2:191-197.

NAS-NRC (1973) Manganese. National Academy of National Research Council, Washington, DC.

Newland MC, Cox C, Hamada R, Oberdorster G and Weiss B (1987) The clearance of manganese chloride in
the primate. Fundam Appl Toxicol. 9:314-328.

HANPE S A2 572 (2008) FFA TR OB EN (2008 42 5E) DIRFELH. ~ W MO~ T ALEW (B
W~ v A ALAEIEFRL) , MN[CAS No. 7439-96-5]. £ ¥:f/E #4258, 50:183-190 .

Nishioka H (1975) Mutagenic activities of metal compoundsin bacteria. Mutat Res. 31:185-189.

Nong A, Taylor MD, Clewell HJ, 3rd, Dorman DC and Andersen ME (2009) Manganese tissue dosimetry in rats
and monkeys: accounting for dietary and inhaled Mn with physiologically based pharmacokinetic
modeling. Toxicological sciences : an official journal of the Society of Toxicology. 108:22-34.

Normandin L, Carrier G, Gardiner PF, Kennedy G, Hazell AS, Mergler D, Butterworth RF, Philippe S and Zayed
J (2002) Assessment of bioaccumulation, neuropathology, and neurobehavior following subchronic (90
days) inhalation in Sprague-Dawley rats exposed to manganese phosphate. Toxicol Appl Pharmacol,
183:135-145.

NTP (1993) Toxicology and Carcinogenesis Studies of Manganese (1) Sulfate Monohydrate (CAS No.
10034-96-5) in F344/N Rats and B6C3F1 Mice (Feed Studies). National Toxicology Program technical
report series. 428:1-275.

_79_



Cll#R)

Oberly TJ, Piper CE and McDonad DS (1982) Mutagenicity of metal salts in the L5178Y mouse lymphoma
assay. J Toxicol Environ Hedlth. 9:367-376.

F % U AN MOE(2011) Ontario Air Standards for Manganese and Manganese Compounds, Standards
Development Branch Ontario, Ministry of the Environment, Ontario.

RATE I KRR G, ROl TR IR(1989) (b REEdL, &5 1hR. HAUbFRA, BT

Pacyna J and Pacyna E (2001) An assessment of global and regional emissions of trace metals to the
atmosophere from anthropogenic sources worldwide. Environ Rev. 9:269-298.

Pagano DA and Zeiger E (1992) Conditions for detecting the mutagenicity of divalent metals in Salmonella
typhimurium. Environ Mol Mutagen. 19:139-146.

Park J, Yoo CI, Sim CS, Kim JW, Yi Y, Shin YC, Kim DH. and Kim Y (2006a) A retrospective cohort study of
Parkinson's disease in Korean shipbuilders. Neurotoxicology. 27:445-449.

Park RM, Bowler RM, Eggerth DE, Diamond E, Spencer KJ, Smith D and Gwiazda R (2006b) Issues in
neurological risk assessment for occupational exposures. the Bay Bridge welders. Neurotoxicology.
27:373-384.

Park RM, Bowler RM. and Roels HA (2009) Exposure-response relationship and risk assessment for cognitive
deficits in early welding-induced manganism. Journa of occupational and environmental medicine /
American College of Occupational and Environmental Medicine. 51:1125-1136.

Ponnapakkam TP, Bailey KS, Graves KA and Iszard MB (2003) Assessment of male reproductive system in the
CD-1 mice following oral manganese exposure. Reprod Toxicol. 17:547-551.

Racette BA, McGee-Minnich L, Moerlein SM, Mink JW, Videen TO and Perlmutter JS (2001) Welding-related
parkinsonism: clinical features, treatment, and pathophysiology. Neurology. 56:8-13.

Rasmuson A (1985) Mutagenic effects of some water-soluble metal compounds in a somatic eye-color test
system in Drosophila melanogaster. Mutat Res. 157:157-162.

Roes HA, Ghyselen P, Buchet JP, Ceulemans E and Lauwerys RR (1992) Assessment of the permissible
exposure level to manganese in workers exposed to manganese dioxide dust. Br JInd Med. 49:25-34.

Roels H, Lauwerys R, Buchet JP, Genet P, Sarhan MJ, Hanotiau |, de Fays M, Bernard A, Stanescu D. (1987)
Epidemiological survey among workers exposed to manganese: effects on lung, central nervous system,
and some biological indices. Am JInd Med.11:307-327.

Rods H, Meiers G, Delos M, Ortega |, Lauwerys R, Buchet JP and Lison D (1997) Influence of the route of
administration and the chemical form (MnCl,, MnO,) on the absorption and cerebral distribution of
manganese in rats. Arch Toxicol. 71:223-230.

Roels HA, Ortega Eslava M1, Ceulemans E, Robert A and Lison D (1999) Prospective study on the reversibility
of neurobehavioral effects in workers exposed to manganese dioxide. Neurotoxicology. 20:255-271.

Roth JA (2006) Homeostatic and toxic mechanisms regulating manganese uptake, retention, and elimination.
Biol Res. 39:45-57.

Séanchez DJ, Domingo JL, Llobet M and Keen CL (1993) Maternal and developmental toxicity of manganese
in the mouse. Toxicol Lett. 69:45-52.

Sandstrom B, Davidsson L, Cederblad A, Eriksson R and Lonnerdal B (1986) Manganese absorption and
metabolism in man, Acta Pharmacol Toxicol (Copenh). 59(Suppl 7):60-62.

_80_



Cll#R)

Schoerder W, Dobson M and Kane D (1987) Toxic trace elements associated with airbone particulate matter. J
Air Pollut Control Association. 37:1267-1285.

Schroeter JD, Nong A, Yoon M, Taylor MD, Dorman DC, Andersen ME and Clewell HJ, 3¢ (2011) Analysis of
manganese tracer kinetics and target tissue dosimetry in monkeys and humans with multi-route
physiologically based pharmacokinetic models. Toxicological sciences : an officia journal of the
Society of Toxicology. 120:481-498.

FHRIRT A« G RILE TR (2012) & RERER. S ER~7 U7 L7 e —201L~ 7~
(Mn) .

Seth PK, Nagar N, Husain R and Chandra SV (1973) Effect of manganese on rabbit testes. Environ Physiol
Biochem. 3:263-267.

Shiotsuka RN (1984) Inhalation toxicity of manganese dioxide and a magnesium oxide-manganese dioxide
mixture. Report to U.S. Army Medical Research and Developmental Command. Fort Detrick, Frederick
MD, by Inhalation Toxicology Facility, Medica Department. In: U.S.DHHS (2012) Toxicological
Profile for Manganese, Public Health Service, Agency for Toxic Substances and Disease Registry
(ATSDR), U.S. Department of Health and Human Services, Atlanta, GA.

Sinczuk-Walczak H, Jakubowski M and Matczak W (2001) Neurological and neurophysiological examinations
of workers occupationally exposed to manganese. Int J Occup Med Environ Health. 14: 329-337.

Singh | (1984) Induction of gene conversion and reverse mutation by manganese sulphate and nickel sulphatein
Saccharomyces cerevisiae. Mutat Res. 137:47-49.

Singh PP and Junnarkar AY (1991) Behavioural and toxic profile of some essentia trace metal saltsin mice and
rats. Ind J Pharmacol. 23:153-159.

Slob W. et a.(1996) Review of the proposed WHO Air Quality Guideline for Manganese, Bilthoven, National
Institute of Public Health and the Environment, (Report No. 613350 001). In: WHO Rk 255 =
(2000) Air Quality Guidelines for Europe, 2nd ed., Copenhagen, Denmark.

Smyth HF, Jr, Carpenter CP, Weil CS, Pozzani UC, Striegel JA and Nycum JS (1969) Range-finding toxicity
data: List VII. Am Ind Hyg Assoc J. 30:470-476.

Spangler JG and Reid JC (2010) Environmental manganese and cancer mortality rates by county in North
Carolina: an ecological study. Biological Trace Element Research. 133:128-135.

Stokes P, Campbell P, Schroeder W, Trick C, France R, Puckett K, LaZerte B, Speyer M, Hanna J and
Donaldson J (1988) Manganese in the Canadian environment, ed., Ottawa, Ontario.

Stoner GD, Shimkin MB, Troxell MC, Thompson TL and Terry LS (1976) Test for carcinogenicity of metallic
compounds by the pulmonary tumor response in strain A mice. Cancer Res. 36:1744-1747.

Suzuki Y, Fujii N, Yano H, Ohkita T, Ichikawa A and Nishiyama K (1978) Effects of the inhalation of
manganese dioxide dust on monkey lungs. Tokushima J Exp Med. 25:119-125.

Takser L, Mergler D, Hellier G, Sahuquillo J and Huel G (2003) Manganese, monoamine metabolite levels at
birth, and child psychomotor development. Neurotoxicology. 24.667-674.

Tapin D, Kennedy G, Lambert J and Zayed J (2006) Bioaccumulation and locomotor effects of manganese
sulfate in Sprague-Dawley rats following subchronic (90 days) inhalation exposure. Toxicol Appl
Pharmacol. 211:166-174.

_81_



Cll#R)

Thompson K, Molina R, Donaghey T, Brain JD and Wessling-Resnick M (2006) The influence of high iron diet
on rat lung manganese absorption. Toxicol Appl Pharmacol. 210:17-23.

Thompson K, Molina RM, Donaghey T, Schwob JE, Brain JD and Wessling-Resnick M (2007) Olfactory
uptake of manganese requires DMT1 and is enhanced by anemia. FASEB J. 21:223-230.

B TR S B0 (1991) ~ o ¥ 7 DB MERRBR DML, SR ] . 402:39-43.

Torrente M, Colomina MT and Domingo JL (2002) Effects of prenatal exposure to manganese on postnatal
development and behavior in mice: influence of maternal restraint. Neurotoxicol Teratol. 24:219-225.

Tsuda H and Kato K (1977) Chromosomal aberrations and morphological transformation in hamster embryonic
cells treated with potassium dichromate in vitro. Mutat Res. 46:87-94.

U.S.DHHS (2000) Toxicological Profile for Manganese. Atlanta, GA.

U.S.DHHS (2012) Toxicological Profile for Manganese. Atlanta, GA.

U.S. EPA(1985) Decision not to regulate manganese under the Clean Air Act. Fed Regist. 32627-32628.

U.S. EPA (1993a) Documentation of the reference concentration for chronic inhalation exposure (RfC) for
manganese, Integrated Risk Information System (IRIS). United States Environmental Protection
Agency, Cincinnati, OH.

U.S. EPA (1993b) Drinking water criteria document for manganese. Cincinnati, OH.

U.S. EPA (1996) Documentation on the carcinogenicity assessment for lifetime exposure to manganese,
Integrated Risk Information System (IRIS). United States Environmental Protection Agency, Cincinnati,

OH..
Ulrich CE, Rinehart W. and Brandt M (1979a) Evaluation of the chronic inhalation toxicity of a manganese
oxide aerosol. 111. Pulmonary function, electromyograms, limb tremor, and tissue manganese data. Am

Ind Hyg Assoc J. 40:349-353.

Ulrich CE, Rinehart W and Busey W (1979b) Evaluation of the chronic inhalation toxicity of a manganese
oxide aerosol--I. Introduction, experimental design, and aerosol generation methods. Am Ind Hyg
Assoc J, 40:238-244.

Umeda M and Nishimura M (1979) Inducibility of chromosomal aberrations by metal compounds in cultured
mammalian cells. Mutat Res. 67:221-229.

Utter MF (1976) The biochemistry of manganese, The Medical clinics of North America. 60:713-727.

VaenciaR, Mason JM, Woodruff RC and Zimmering S (1985) Chemical mutagenesis testing in Drosophila. 1.
Results of 48 coded compounds tested for the National Toxicology Program. Environ Mutagen.
7:325-348.

Valois AA. and Webster WS (1989) The choroid plexus as a target site for cadmium toxicity following chronic
exposure in the adult mouse: an ultrastructural study. Toxicology. 55:193-205.

Vieregge P, Heinzow B, Korf G, Teichert HM, Schleifenbaum P and Mosinger HU (1995) Long term exposure
to manganese in rural well water has no neurological effects. Can J Neurol Sci. 22:286-289.

Wennberg A, Iregren A, Struwe G, Cizinsky G, Hagman M and Johansson L (1991) Manganese exposure in steel
smelters a health hazard to the nervous system. Scand JWork Environ Health. 17:255-262.

WHO (1981) Environmental Health Criteria (EHC) 17: Manganese, Geneva.

WHO (2004) Background document for development of WHO Guidelines for Drinking-water Quality,

_82_



Cll#R)

Manganese in Drinking-water. WHO / SDE /WSH /03.04/104.

WHO R M 5555 J75(2000) Air Quality Guidelines for Europe, 2nd ed. Copenhagen, Denmark.

Witholt R, Gwiazda RH and Smith DR (2000) The neurobehavioral effects of subchronic manganese exposure
in the presence and absence of pre-parkinsonism. Neurotoxicol Teratol. 22:851-861.

Wolters EC, Huang CC, Clark C, Peppard RF, Okada J, Chu NS, Adam MJ, Ruth TJ, Li D and Calne,DB (1989)
Positron emission tomography in manganese intoxication. Ann Neurol. 26:647-651.

Wong PK (1988) Mutagenicity of heavy metals. Bull Environ Contam Toxicol. 40:597-603.

Woolf A, Wright R, Amarasiriwardena C and Bellinger D (2002) A child with chronic manganese exposure

from drinking water, Environ Health Perspect. 110:613-616.

Zoller WH and Gladney ES, Duce RA (1974) Atmospheric concentrations and sources of trace metals at the
South Pole. Science. 183:198-200.

_83_



(Al #)

(& ~ I OFFEMRH - BRI OBLRIZ SN T

(1) AT 25
IARC ([EIBEAS AATFFEH4RS)
HTFIY— =
EU (BRINES
ATy — -
USEPA CKEBREIRET)
Tn—=7 D (not Classifiableasto human carcinogenicity)
ACGIH CK[EE ¥ A FMFE )
T N—=7 —
AARPEER A2
74 —
(2 KRICEd 5 HLuess
WHO RN FH R RRE T A BT A~
0.15 pg/m®
U.SEPA CK[EERBIf£#)T) (Integrated Risk Information Systems, IRIS)
Reference Concentration (RfC)  0.05 pg/m®
U.SDHHS, ATSDR  CK[E R & Hk A 4 BRI B R)
Minimal Risk Level (MRL) 0.3 pg/m®
T IR
Reference Concentration (RefCon) 0.05 pg/m®
B U7 F =T MEPA
Reference Exposure Level (REL)  0.09 ug/m’
(3)  IHEMRERICEE I L M
JEAETGTEE TrE e ATE PR AL Y A R
~ U RO T AREY CREMERAL~ B AEEIEERL)
<~ HE LT 02mgm?
JEAGEE FrE et AElE FrE b E R E T AL B
~ U RO T AREY CREMERAL~ T AEEIEERL)
<~ HE LT 02mgm?
HARPERMAE TS TR
YT RO~ T AEY (A~ T AL E IR <)
W~ LT 02mgme
OSHA CKEJ B A R) PEL (FFAIRERIR A E)
VU RO~ LS, 72— 25 5 mgim® (RIHE, v AL L)
NIOSH CK[E B2 afEM7ERT) REL (B BRAME)
~ U RO~ v AEY, T 2 — A
1 mg/m?® (BRI BT, ~ o A & L)
3 mg/m® (FRFRRAME, ~ > T L)
ACGIH CKEE¥(MAFMFESH)  TLV-TWA (R AR )
~ U H v GuE RO~ T AL E W)
TLV-TWA: 0.1 mgim® (W5 HERL 7R (inhalable particulate matter) )

_84_




(Al #)

TLV-TWA: 0.02 mg/m® (W AMERIF-HR4'E (respirable particul ate matter) )
DFG ( NA YifstikbllG <)  FFAIRE(MAK)
~ U RO~ T AREY), 72— A
0.2mg/m? (inhalable, <> > & L)
0.02 mg/m® (respirable, <> % > & L)
(4)  ZoMESICXDIEE
FeEAL P E OB A~ O HEH & O K OVE B O SGEOEE B 3 2154
(F—HEEE ks mE)

e (RERTWE GE2EWE) . A% 28T & faliy k 05 EY)
VISTERGS K HHE 0.05 mg Mn/L
RSTERES KEFEYE 10mgMn/L (= > v KL OE OKEEMHALE W)
Egf s KEREYE 0.05 mgMn/L
KRG IR (BERKIGRDE (BRI EmE) )

KE 5 LTk
(FFEME (o T RO Oea) . ARREEE (JKELE 10mg ML (it~ >
I EAE)))

_85_




